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Hand picked cadets from all over the nation are 
earning their wings in the greatest pilot training 
program in U. S. Army Air Corps history. To power 
both basic and advanced trainers Pratt & Whitney 
is supplying thousands of Wasp Jr. and Wasp 
engines. From them, these cadets are getting their 
first feel of dependable Pratt & Whitney power. 


PRATT & WHITNEY AIRCRAFT 

EAST HARTFORD, CONNECTICUT 




ONE OF THE THREE DIVISIONS OF UNITED AIRCRAFT CORPORATION 
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Like a comet, the SPEED NUT System of 
spring tension assembly blazes through the 
maze of waste motion and charts a new 
course by releasing assembly lines from the 
burden of useless parts and lost motion. 

The SPEED NUT System also increases the 
service value of your product by protecting 
it against loosening from vibration. It is the 
only one piece fastening device that assures 
you a double spring tension lock. 


SPEED NUTS and Speed Clips hold bolts, 
screws, rivets and studs. Manufactured in 
over 700 shapes and sizes for metal, wood, 
ceramic or plastic applications. The nut that 
literally gives you "spitfire" assembly speed 
and stops loosening from vibration. 

Samples and engineering data will be mailed 
you promptly on receipt of your assembly 
details. 


TINNERMAN PRODUCTS, INC., 


2070 FULTON ROAD. CLEVELAND, OHIO. 
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OVER A BILLION IN USE-OVER 700 SHAPES AND SIZES 


<JL PIPEK POINTS THE WAY TO 
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...A MONEY MAKING I’LANE FOR OPERATORS 
...A RIGGER PLANE FOR PRIVATE OWNERS 
...AN ALL PURPOSE PLANE FOR FLYING CLUI1S 
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IN THE FRONT OF OUR AIR DEFENSE 


In the Army’s famed 
fighter planes — the Bell 
Airacobra, the Lockheed 
P-38 Interceptor and the 
Curtiss P-40 — there's an 
Allison liquid-cooled en- 
gine whose in-line design 
helps make them the fast, 
fit fighters they are. 

This advanced air power 
is the product of the 
American Aircraft Industry 
in collaboration with the 
U. S. Army — both pledged 
to the duty of arming 


DIVISION OF 
GENERA I. unrolls 
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New learadio Portable— sweetheart of pilots everywhere. Use it to fly the beam— get weather ahead— landing in- 
structions at terminal airports— itinerant, airline, and service communications— weather at home, office, hotel— 
your favorite broadcast program— or even as marine direction finder. Plus interphone communication. 


new Learadio Portable— most famous aircraft radio 
receiver in America— is now equipped with built-in 
interphone and a third frequency band 12.2-0.5 MCI. 

lowers <200-400 KCl; and standard entertainment 
broadcasts <550-1550 KCl ! 

Use the new extra band to hear the other fellow. 
Profit by his problems. Fly more safely with the ad- 
ditional information he receives and transmits. 


ply. Use it in your ship with external antenna and 
loop and high fidelity loud speaker. Panel designed 

Simultaneous range filter available at extra cost. 
Handsome in its airplane luggage covering, rug- 

l.eurudio Portable costs only $39.50 complete with 
butteries. More than ever, it is your best "buy” in 
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LEAR AVIA, INC., DAYTON, OHIO 

Airport, Wichito. Kons. ■ Export: 30 Rockefeller Plato, New York, N 


AVIATION. M 




the Bird men's Perch 




AERONAUTICAL ENGINEERING 
AND MASTER MECHANICS 
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This high-speed all-metal plane — the product of Brewster Aeronautical Corporation, Long 
Island City, N. Y., and Newark, N. J. — is one of the latest and fastest single-seat fighters 
developed in the United States. It has been supplied, and is being produced, in large numbers 
for the U. S. Navy, as well as for foreign governments. 

NORMA-HOFFMANN PRECISION BEARINGS are used in the control system in rudder pedals, 
bell cranks, links, and hinges for rudder, elevators, ailerons, flaps, and tabs — the points where 
friction-free operation, combined with rigidity and dependability, are vital. 
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Extreme compactness with light weight 
and reliability are combined in the new 
Hydraulic Four-Way Valve developed by 
Bendix of Burbank. 

The unit incorporates poppet valve ele- 
ments which radiate from a single central 
cam shaft. This construction provides the 
least cubic volume and weight per square 
inch of port area, and results in the shortest 
possible fluid path. Either back or side 
outlets are available and the valve requires 
a minimum of space for panel mounting. 


Thcspeciallydesignedvalveelementsinsure 
smooth, quiet operation, even in excess of 
normal ratings, and the absolute reliability 
and freedom from appreciable wear of this 
exclusive construction has been demon- 
strated in life tests of over 100,000 cycles. 

The new Bendix Four-Way Valves may 
be equipped with integral inlet check and 
thermal relief valves. They are available in 
three sizes, covering all tube requirements 
from !4 inch to Vi inch. Write or wire for 
the Bendix Hydraulic Catalog. 


BENDIX AVIATION, LTD. 





the common viewpoint in which purpose 
is afterward found for new developments. 

BELL AIRCRAFT CORPORATION, BUFFALO, NEW YORK 




Lycoming 50 to 65-horsepower engines achieved first 
place in light-plane engine sales for 1940. The prefer- 
ence for these "stars of the skyways” in America's 


civilian training planes marks a growing appreciation of the Lycoming blue ribbon 
engine’s amazing economy and unfaltering reliability . . . the same championship 
characteristics which have long made Lycoming radials a favorite in the training 


planes of America's armed forces. 


STARS OF THE SKYWAYS 

Illustrated is the Lycoming 
65-horsepower engine.Othcr 
four-cylinder models are 
available in 50, 55, 75, too 
and 115 horsepower and six- 
cylinder models in 150 and 
175 horsepower. They arc all 
horizontally opposed and air 
cooled with provision for 
mechanical or electric starter 
and accessory drives. 


FREE LITERATURE 




FOR MILITARY AND CIVILIAN TRAINERS ★ FOR PRIVATE AND COMMERCIAL PLANES 
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meet delivery dafes. New 


defense. Were we going to 


lag behind? 



Slow work? 

“Yes," said one foreman, 
“our screw-driving is slow. 

for fear of driver slippage. 
Hand driving is hard work 
. . . screws go in crooked 



Don’t Be Old-Fashioned 

Phillips Screws Will End Slow, Wasteful Fastening 


It's just good sense, I found out. The drivt 
slip from the Phillips recess — so pneui 
electric drivers can be used. No i 
accidents — no more delays — no more unneces- 
sary worker fatigue. No wonder so many indus- 
tries are standardizing on Phillips Screws. 

Don’t forget — it isn’t the price of the screws that 
the cost of using them. Thousands 
:e — Phillips Screws cost less louse! 






Skies over San Diego roar with test- flying of 
Consolidated Liberators, war camouflaged for 


the R. A. F. 


Side by side with deliveries of U. S. Army’s 
B24 , these huge bombers roll off final assembly 
at Consolidated for air delivery to the front line 
of Democracy. Britishers say of them, "the 
best military airplane ever built in America”.* 


Men, management and money are bending every 
effort here to get America’s first job done. 


* The Aeroplane, Nov. 29, 1940. 
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H AVE YOU ever skipped breakfast in order 
to catch the seven-fifteen? 

Have you ever tossed your wife a kiss from 
over the left shoulder as you broke down the 
boulevard in a dash to the Suburban Special? 

Ever spent a whole beautiful Saturday at your 
desk when all the time you knew how gorgeous 
it was out on the fairway? 

If you have . . . then chances are you’re one 
of those fellows to whom business is a highly 
important subject. Chances are you’d readily ad- 
mit that your business is just about the biggest 
thing in your life! 

And chances are, too, you already know all 
about a magazine called Business Week. 


You probably know already how packed its 
pages are with the exciting, critical news of 
business. How far it reaches to keep Management 
informed . . . how jealously it protects the Facts, 
how thoroughly it probes the Rumors. 

You’ve seen for yourself the once-a-week job 
tills magazine does. And it’s easy for you to see 
that Management uses its pages in a way not 
shared by any other magazine, of any kind. 

All of which knowledge ... if you happen to 
be an advertising man . . . must come in pretty 
handy when you’re making up your budget! 

And must have had something to do with the 
19% gain in advertising racked up by Business 
Week in 1940! 




Aviation’s Greatest Names Rely on 
Mallory Welding Tips for Better Welds 


WHEREVER resistance weld ins; is employed in the fabrication 
of aircraft assemblies, you will invariably find welding tips, 
wheels and dies of Mallory Alloys being used. They have demon- 
strated the same superiority in this vital field as they have in the 
automotive . . . and in every other industrial field which involves 
the permanent joining of similar or dissimilar metals with greater 
speed and for greater strength. 

In many other phases of aviation activity Mallory serves with equal 
distinction. Many Mallory approved precision parts are standard 
original equipment in the products of the leading instrument and 
communications manufacturers. Electrical contacts of Mallory 
Metals and complete contact assemblies are the most widely used 
of any make by aircraft engine manufacturers. 

In fact, there is scarcely a phase of aviation . . . whether it's manu- 
facture, operation or maintenance, to which Mallory services or 
products are not valuable contributions. 


P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA 

Coble Address— PELMALLO 


MallorY 


SERVES THE AVIATION. THE AVIATION INSTRUMENT AND 
THE AVIATION COMMUNICATION FIELD WITH WELDING 
ELECTRICAL CONTACTS, SPECIAL ALLOYS, MAl-O-SIL, 
VIBRATORS, VIBRAPACKS, CONDENSERS, ROTARY SWITCHES, SINGLE AND MULTIPLE 
I SWITCHES, COMMUNICATIONS HARDWARE. MOBILE BATTERY CHARGERS 
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HYDRAULIC PUMPS 


meet the need for 
higher pressures 


Designers of modern aircraft find Pesco 
engineers alert to changing trends. For 
example, to meet the need for higher 
hydraulic pressures, particularly on 
military planes, they find specially 
designed Pesco' pumps setting new 
k standards of efficiency and capacity. 
\ 
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HIGH SPEED 
HYDRAULIC PUMP 

This unit provides 
high capacity with 
extremely low weight. 
Pump has 0.7 cu. in. 
displacement and 
weighs 2.2 lbs. Capa- 
ble of pressures up 
1 to 1500 p. s. i. Recom- 
1 mended speeds a 
I 2500 to 4000 r. p. 


r HAND OPERATED 
HYDRAULIC PUMP 


—lighter in weight and 
more efficient in op- 
eration. Weighs 2.4 
lbs.— providing 1.6 cu. 


cycle, for operating 

pressures up to 1000 
p. s. i. Similar designs 
available for 1500 


' dude fuel pumps. Valves 
and accessories, air pumps and 
^accessories, hydraulic cylin- 


'ders and control equipment, 
and many other units built to 
order for special requirements. 


PUMP ENGINEERING SERVICE CORPORATION 

mviSION BORG-WARNER CORPORATION * 12910 TAFT AVENUE * CLEVELAND, OHIO 



WITH HAZARD 

AIRCRAFT CONTROLS 

• Hazard Aircraft Equipment is made by the people 
who have long clung to the slogan: “In Business for 
Your Safety.” This slogan is far more than a phrase at 
the Hazard plant; it is an inbred doctrine. Nothing, 
whether materials or methods, is ever slighted or re- 
laxed when safety is involved. 

This means that Hazard control equipment is depend- 
able. For instance, all Hazard control cables, whether 
“KORoDLESS" stainless steel or Hazard tinned or gal- 
vanized strand and cable are preformed. This adds 
greatly to their resistance of bending fatigue — and per- 
mits the application of Hazard's TRU-LOC fitting, the 
100% efficient terminal. Hazard Aircraft and Engine 
Hoisting Slings are equally dependable. Of course, every 
piece of Hazard aircraft equipment is made in strict ac- 
cordance with the latest Army and Navy specifications. 

For certain dependability — for safety of control oper- 
ation — specify Hazard Aircraft Cable and Fittings. 

HAZARD WIRE ROPE DIVISION 


Established 1846 
l CABLE COMPANY, Inc 

DEPARTMENT: 230 I 
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^~1H ARGED with the defense of America’s 
skies, the U.S. Army Air Corps has 
developed a swift and formidable line of 
pursuit aircraft. 


Distinguished by its speed and fighting 
ability, the high-altitude Republic Aviation 
“Lancer” with Curtiss Electric Propellers, 
takes its place among those planes that 
are filling the exacting requirements of 
America’s national defense. 


CURTISS PROPELLER DIVISION 

Curtiss -Wright Corporation • CALDWELL, N. J. 
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AIR, LAND AND SEA... 


I N ALL of our defense forces of air, land, and sea. Breeze products will be found 
I in action. Breeze equipment for oircraft, ordnance, and marine installations has 
long been in extensive use by both the Army and Navy. 

Yet Breeze is not primarily a defense industry. It produces equipment for the air- 
lines, for the automotive and other industries, even steel bookshelves for libraries. 
Now the great expansion of defense production finds Breeze equipped to supply, in 
addition, such vital needs as radio shielding for ignition and secondary systems, am- 
munition rounds counters, cartridge engine starters, and similar essentials for defense. 

Expanded production has been accomplished without deviation from the rigid 
quality standards which Breeze has maintained in production for the aviotion industry. 





Walter Kidde & Company 

3 22 WEST STREET, BLOOMFIELD, N. J. 


C AN you fight motor fires that occur in flight? 

Can you instantly detect an engine blaze? 
. . . kill fire in 3 or 4 seconds? Sure you can! 

Airliners, U. S. Army and Navy fighting 
planes have the answer. A metal ring surrounds 
motor, blasts fire out of existence with carbon 
dioxide snow-and-gas. That's LUX protection. 

By combining LUX Flame Detectors with 
Built-in LUX system you nail fire before it gets 
started. Visible or audible alarm gives warning. 
Directional valves permit discharge of LUX 


gas into any motor of a multi-engined plane. 
There are LUX Built-in Systems for in-line en- 
gines as well as radial. 
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more Pioneer Instruments! 



Only a few weeks ago, you read of a vast expansion of Pioneer's 
precision manufacturing facilities into a modern, air-conditioned 
Bendix plant in Philadelphia. Even in that brief time, the "growing- 
pains" of our nation's march toward impregnable defense have 
necessitated additional Pioneer facilities in still other cities! 

Pioneer precision must not, and will not fail either America's 
defense forces or America's air commerce. Pioneer Aircraft Instru- 
ments are being produced in greater and greater quantities, and as 
carefully as ever— which means as carefully as is humanly possible. 

'fioneez instrument 

DIVISION OF BENDIX AVIATION CORPORATION 
BENDIX, NEW JERSEY, U. S. A. 
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REPUBLIC AVIATION 


LX REPUBLIC 

T S VI ATKIN 


POWER AT WORK . . . The rocket-like speed and fine all-round performance of 
Republic Aviation Pursuit-Interceptors demonstrate the value of design principles 
which successfully utilize the tremendous power-output of America’s great air- 
cooled radial engines — unmatched in efficiency at high altitudes.. .unfaltering in 
service for extended intervals between overhauls. Holders of the largest single 
order for fighter aircraft ever awarded by the U. S. Army Air Corps, 
Republic Aviation Corporation is ready for today’s job — and tomorrow’s. 

REPUBLIC AVIATION CORPORATION 

FARMING DALE, LONG ISLAND, NEW YORK, U. S. A. 



Defense Procurement Program Accelerates 


» THE PROGRESS of the defense 
program has exceeded expectations in 
the past two months and is entering a 
phase of rapid acceleration. Aircraft 
production is developing much more 
rapidly than was generally expected. In 
January, 962 military airplanes were 
delivered out of a total production of 
1054 of all types. This is somewhat 
better than the estimates made in Avia- 
tion in January (“The Truth About 
the Defense Program"— T. P. Wright). 

Of the 962 military airplanes approx- 
imately 50 percent were trainers and 
here Stearman reached 12 per day late 
in January. A large proportion of 
the combat ships were, as might be 
expected, single-engine fighters. Pro- 
duction of P-40s at the Curtiss Buffalo 
plant led the combat field, having 
reached 10 per day and the output of 
the Bell Aircraft Company, also at 
Buffalo, is also rapidly accelerating. Be- 
cause of the increase in production of 
Allison engines, there are more than 
enough available for the needs of these 
two companies, and it is expected that, 
by the time the P-38 is in quantity 
production, the Allison output will be 
sufficient to meet the needs of its three 

Radial aircooled engine production 
has also made more rapid strides than 
might have been expected. Both large 
manufacturers have passed the million- 
horsepower-per month mark and have 
been delivering engines in such quan- 
tities as to make a substantial dent in 
the "glider lines” of airplanes previously 


built and awaiting engines. Although 
tribution to engine production from 

dustry before Fall or the end of the 
year, it is reasonable to believe that 
this new capacity will come along in 
time to assist materially in the rapid 
acceleration of the airplane production 
which is just beginning and will con- 
tinue throughout the year. Most re- 
cent addition to the automotive group 
of engine producers is Chrysler, whose 


intentions to manufacture a 2000 hp. 
liquid-cooled engine were announced as 

The present expansion plans for en- 
gine capacity however, will probably be 
insufficient for the new aircraft pro- 
duction program which involves the 
use of government-owned assembly 
plants operated by aircraft manufactur- 
ers and using parts provided by the 
automotive industry. Although the 
final details for this program have not 
yet been worked out, the War Depart- 



crull Corporation: A. vjo. Wilqoos, chiel engineer; W. A. Parkins, assistant chiei ongi- 
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I OCATED 10 miles southeast of Father Knickerbocker's New York City 
j Hall, Floyd Bennett Field rates as one of the busiest airports in the 
Country. 16,000 landings and take-offs in a week. That's busy. 

The use of this field by the Coast Guard, Naval Reserve, Naval Neutral- 
ity Patrol, and several flying schools account for most of the activities. 

There are always available top-flight inspection service, expert tune-up, 
and Texaco Lubricants and Fuels. 

New Texaco Airplane Oil keeps engines clean with wear at minimum. 
Texaco Aviation Gasoline assures fast warm-up and high power output. 

More scheduled airline mileage within the U. S. and to other 
countries is flow n with Texaco than with any other brand 

The performance of Texaco in the aviation field has also made it preferred 
in the fields listed in the panel. 

Buyers in these fields are enjoying many benefits from using Texaco 
Lubricants and Fuels. 

Experienced aviation engineers will gladly assist you in the selection of 
Texaco Aviation Products, available at leading airports in the 48 States. 
Phone the nearest, or write: 

The Texas Company, Aviation Di- 
vision, 135 E. 42nd St., N. Y., N. Y. 


¥ 


TEXACO Lubricants and Fuels 

FOR THE AVIATION INDUSTRY 
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be taken 


ment has announced that building con- 
tracts will soon be let for the four 
bomber assembly plants to be located 
at Omaha, Kansas City, Fort Worth, 
and Tulsa, and that the aircraft manu- 
facturers concerned will be Martin, 
Douglas, North American, and Con- 
solidated. Chrysler, Ford and General 
Motors will build parts and a produc- 
tion of 3600 medium and heavy bombers 
per year is expected. 

» ENCOURAGEMENT OF SUB- 
CONTRACTING is the next step to 
save time in the defense effort. With 
this in mind the Defense Contract Serv- 
ice has been organised in Washington 
and reaches out into all parts of the 
country through the Federal Reserve 
System. Each of these banks will be 
set up as a headquarters for exchange 
of views between primary contractors 
and possible subcontractors within its 
jurisdiction, and studies of subcontract- 
ing facilities available will be made. 
Although detailed organization of the 
system is still under way, it would be 
well for aspiring subcontractors to con- 
tact their nearest Federal Reserve Bank 
for information on how they can be of 
service to the defense program. (Fur- 
ther details on page 90). 

» MANY FALSE PROPHETS have 
arisen overnight to satisfy the sudden 
public thirst for knowledge on military 
aviation. Some have never had a close 
look at a modern military airplane. 
Many more have no adequate concep- 
tion of the many unseen factors behind 
the airplane that make up a balanced air 
force. So we breathed a deep sigh of 
relief when we saw the first copy of 
Winged Warfare by Major General 
H. H. Arnold and Colonel Ira C. Eakcr 
(Harper & Bros.) It goes without 
saying that both of these gentlemen 
know what it is all about. 

Winged Warfare starts with the 
Greek triremes, moves rapidly to 1914, 
and winds up with the latest available 
material on the present air force ex- 
pansion program. It answers many of 
the questions in the confused public 
mind and some of those that have been 
troubling people close to the aviation 
business. It is well written and easy 
to read even for the layman. 

One of the high spots is the chapter 
on Air Tactics, which presents many of 
the lessons learned in the present Euro- 
pean War. Much light is thrown on 
the German success in Panzer-Stuka 
cooperation and how it changed basic 
ideas of mechanized warfare. The lim- 
itations of both light bombers and tanks 
acting alone are also explained. The 
discussion of the effective use of small, 
light, slow landing planes of the 
Fieschler-Storch type in command mis- 
sions by the Germans in the Polish 


campaign may furnish new hopes for 
the future utilization of this type of 
equipment in military service. 

In the chapter on Strategy, the im- 
portant factors of timing, training, and 

basic mistake of the present combatants 
in failing to provide a proper propor- 
tion of long-range bombardment air- 
craft in their air forces is particularly 
interesting and enlightening. 

The separate air force ideas are dis- 
cussed and a policy of evolution rather 
than revolution toward that end appears 
to be the feeling of the authors, al- 
though they feel that much more think- 
ing and planning should be done before 


mr 


the step is taken, if it is to 

Both sides of the question of civil 
aviation’s part in warfare are stated 
and a middle ground is suggested. The 
importance of commercial aviation as 
an industry consumer to assist in level- 
ing wartime peaks and peacetime valleys 
in production is stressed. 

Last but by no means least, the 
reader is impressed with the magnitude 
of industry’s assignment to expand pro- 
ductive capacity at a rate unprecedented 
in the world’s history. The 36,000- 
plane-pcr-year program is discussed as 
is the possible need for expansion to a 
50,000-plane-per-year rate. And the 
dangers of the shadow-factory method 
are recited with frankness. 

Winged Warfare is a valuable and 
timely contribution to military aviation 
literature. Its advent makes it possible 
for our citizens to get the truth about 
air power from men who are playing 
such a prominent part in building it for 
the nation. 



' Moputre will bove to sprout more wine* to carry hi* military load ' 
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I N the absence of “skyhooks" to 
hoist our planes off the ground, 
and to gentle them back down again, 
Bendix Landing Gear provides the 
best protection we know of. 

Those critical moments of ground 
contact before the plane is air-borne, 
and after the flight, are worthy of 
every bit of study and experience and 
manufacturing watchfulness we can 
give them. 

Every specification of metal, ma- 


chining and measurement — every di- 
mension of the air and liquid cham- 
bers, as well as the attachment and 
positioning of Bendix Pneudraulic 
Shock Struts— is a precisely calculated 
and controlled factor, exactly proper 
for the individual ship. 

The picture above, showing a nor- 
mal group of struts awaiting final test 
before shipment, aptly illustrates the 
widely varying capacities of these vital 
requirements to a “happy landing." 


R&ndox 
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LANDING-GEAR EQUIPMENT 


AIRPLANE WHEELS AND BRAKES • PNEUDRAULIC SHOCK STRUTS 
SWIVELABLE AND STEERABLE TAIL-KNUCKLES • PILOT SEATS 
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The Royal Canadian Air Force not 
long ago sent out a call for 375 calorie 
mechanics to whip up hash for the 
hungry hangar hounds. If you really 
want to pitch for democracy, get in 
there and try out for squadron biscuit 
shot. If you feel dizzy when spun 
on a piano stool, think nothing of it. 
If you can’t read the top row of letters 
with an opera glass, you can still open 
a cannister of chipped horse and cook 
up a vat of bull-on-a-raft. If you can’t 
tell red from green, never mind; you 
can pour sand in the spinach. In the 
blank space after “Qualifications," you 
can write “none” with never a worry. 
Why, we consumed cuisine in the late 
Aviation Section, Signal Corps, com- 
pounded by bull cooks who couldn’t 



have read a recipe even if they had 
wanted to. Some of those boys didn’t 
know their aspic from a polo ground. 
We hear that military gastronomy is 
a fine art now, but that doesn’t get 
us compensation for our duodenal dis- 
ability. Yes, if you can’t even fly a 
kite, you can cook. 

» People Riding in Planes think 
they ought to act blase, so they read 
papers, play cards, talk small talk, or 
just sit and look bored. They have 
been encouraged in this by the airlines 
themselves, who frequently, instead of 
pointing up the marvels of flight, ad- 
vertise pastimes to hurry and get it 
over with. Now, there’s flying over or 
among clouds; it actually hurts if a 
friend isn't along to see it too, because 


words are useless. There is the pro- 
peller tip, traveling as fast as the earth 
is turning; if that wheel was rolling on 
the ground it could cross the continent 
in three or four hours. Watch your 
pilots. They are different. Some lift 
their ships off the ground smartly. 
Some fly them off gracefully. Some cut 
their engines back immediately; others 
wait till they’re well up. Once in a 
while you find a cocky one, who does 
harmless little things that we could tell 
you about. If you’re artistically in- 
clined, you’ll never see a prettier picture 
than the landing light making a bluish 
white disk of the propeller at night. 
Why, we could look down and meditate 
on the patterns of erosion for hours. 
Stewardess! Take away those news- 
papers and bring us a field glass. 

»The Average Pilot, says Eastern 
Air Lines in a news release, is 33 years 
of age; 5 ft. 10 in. tall; weighs 166 lb., 
has blue eyes and brown hair. His tem- 
perament is complacent, controlled; his 
average pulse rate is 71 beats per 
minute. Medically speaking, his phys- 
ical and mental health is so superior, 
one can view it only as a high tribute 
to his habits of good, clean living. End 
quote. Hallelujah ! 

» If you lunch club orators aren’t 
careful you’ll bring on an epidemic of 
Alfred Lord Tennyson's “magic sail” 
verse. We’ve been running into it 
around every table corner lately. Just 
to put you on your guard, this is it — 
for the first and last time; 

For I dipt into the future^ 

Saw the vision of the world 
And all the wonder that would be; 

Saw the heaven, filled with commerce, 
Argosies of magic sails, 

Pilots of the purple twilight, 

Dropping down with costly bales. 

You who went through the Icarus 


and Daedalus crisis back in the post- 
Lindbergh days, will know what we 
mean. Ham-and-pineapple-salad speak- 
ers the country over told it an average 
of 42 times apiece, and the ghost writers 
wore it thin as a radio jive. It wasn’t 
a bad story — the first dozen times. A 
couple of Greeks, Daedalus and his son 
Icarus, had trouble with the law on the 
island of Crete and decided to vamoose 
for Sicily. Having no other way to 
travel, the old man rigged up a couple 
of pairs of wings. For wing fittings 
he used wax. This proved unfortunate 
for young Icarus, who let himself wide 
out, got too close to the sun, the 
wax melted, and he took a Brodie 
into the Mediterranean. Not bad, but 
not good enough for a long run, even 
at a dollar a plate. 

And neither is this dipt-into-the-fu- 
ture thing of Tennyson’s. It isn't even 



prophecy, as we are supposed to believe. 
Tennyson was born in 1809, twenty- 
six years after the Montgolfier brothers 
sent up their first balloon in 17S3. Thus 
Tennyson's entire life was contempo- 
rary with balloon ascensions. Indeed 
the Frenchman, Blanchard, had made 
an ascent in the New World, wit- 
nessed by George Washington, in 1793, 
sixteen years before Tennyson was 
born. The poet almost certainly had 
in mind nothing more prophetic than 
the rather childish efforts of those times 
to propel balloons with sails. We do 
hope that this little diatribe is good 
enough to discourage a few incipient 
quoters of the “magic sail” poem. 



The famous Junkets Ju 87 dive bombors, which 
are able to pound heavy blows at relatively 
unfortified areas but are not loo effective against 
well-defended military objectives. All of this 
type that raided Croyden one day last fall wore 


EFFICIENCY 
ON THE GERMAN 


I T may be interesting to give some im- 
pressions of the effectiveness of the 
enemy aeroplane attacks that have been 
made on England since the occupation 
of northern France. It is hoped to suc- 
ceed in making these observations as 
nearly objective as possible, and avoid 
exaggeration in either direction. So 
many rumors are in constant circula- 
tion that it is by no means easy to sift 
the reliability of any particular item 
of information, but by personal con- 
tacts checking several sources against 
each other, it is as a rule possible to 
arrive at a reasonable approximation of 
the facts. 

It may be said at the outset that the 
German Air Force docs not appear to 
be particularly successful in effecting 
damage on points of military impor- 
tance. It seems clear that it is finding 
the carrying out of raids on determined 


and well-organized defences a very dif- 
ference operation from those it made in 
the initial stages of the war, against 
Poland, or, in the later campaigns, 
against Holland, Belgium and France. 
Poland was not in a position to offer 
any effective resistance to the concen- 
trated air attacks that were launched 
concurrently with the invasion and in 
an incredibly short space of time every 
aeroplane was immobilized and every 
aerodrome rendered useless. Holland 
and Belgium were no better placed — 
and suffered equally under the disadvan- 
tage of being subjected to surprise at- 
tack — while France, as was well known 
in England before the war started, but 
publication of the fact was not per- 
mitted, had a pitifully inadequate air 
force both in numbers and quality. This 
gave an alarming impression of the 
dominating effect of "air power” which 
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AIR FORCE 


Nazi raids on military objectives are far from 
effective, according to this British authority 

By Lt. Col. W. Lockwood Marsh 

Editor of the British publication. Aircraft Engineering 


has by no means been borne out up to 
the present by the attacks on Great 
Britain. 

Generally speaking — and this is said 
without the intention of depreciating 
the quality of the German pilots who 
are, in many instances, undoubtedly 
courageous and skillful — no great deter- 
mination in pressing home attacks in 
the' face of strong opposition has been 
shown and where it has been attempted 
it has not usually met with success. It 
has been officially stated, for instance, 
that in a dive-bombing attack by Ju. 
87’s on Croydon Aerodrome, which, 
owing to its close proximity to London 
is extremely well defended, every aero- 
plane was lost. 

The occupation of the whole of the 
Channel coast of France naturally gave 
Germany a magnificent chance, one 
would have thought, of rendering coastal 
traffic along the South Coast and 
through the “swept channel” of Dover 
impossible, and there is little doubt that 
there was every intention of achieving 
this. Repeated and heavy attacks (in 
some instances large numbers of ma- 
chines being engaged) on convoys 
steaming along this route have, how- 
ever, to put it mildly, not been over- 
whelmingly successful. That this is so 
is evidenced by the fact that after a 
week or so of repeated bombing at- 
tacks of this nature the aid of land 
artillery brought up to the coast of 
France was called in to take over, or 
at any rate, aid in this work. In one 
instance when this method also proved 
abortive, dive bombers were sent over 
to press home the attack. They did 
not prove any more effective, since the 
convoy emerged from the channel after 
an hour or so with no losses in ships. 

During the same period efforts were 
made to put Dover Harbor out of action. 
At the end of all this effort, the London 
Times was able to publish a photograph 
of the harbor and town showing them 
to be completely undamaged — which we 
can confirm from the testimony of an 
independent and completely reliable wit- 
ness on his return from there. Here 
again, the aid of shore batteries had 
been called upon with some little success 
in causing of damage to a few houses in 
the town, according to British official 


We may here interpose an interesting 
sidelight on the difference in the atti- 
tude of the two countries towards the 
revelation of the truth in regard to the 
results of air raids. In a British com- 
munique of Aug. 24 it was stated with 
commendable frankness that “attacks 
were also made on the RAF aerodrome 
at Manston, near Ramsgate, where con- 
siderable damage was done to buildings." 

Now the German News Agency of 
Aug. 12 — a fortnight before — had 

claimed: “The air base of Manston was 
reduced to ashes. The runway had been 
ploughed up by bombs of all calibres, 
from the heaviest to incendiary bombs. 
The hangars and other buildings have 
collapsed.” 

It is a little difficult to visualize the 
need for again attacking, and being able 
to cause "considerable damage” to an 
aerodrome which has already, only a 
fortnight before, been “reduced to 
ashes,” It is not, in our opinion, invari- 
ably the intention of German communi- 
ques of this nature deliberately to mis- 
lead. It is rather the effect of certain 
arrogance and optimism in the German 
character which makes it difficult for a 
German to believe that the object of an 
attack can have been so disobliging as 
to fail to disappear. A characteristic 
example of this tendency was the belief 
that the aircraft carrier "Ark Royal” 
had been sunk when the ship heeled over 
under the influence of the helm in a 
sharp turn made to avoid a bomb which 


dropped so close as momentarily to 
smother her with spray, which led the 
crew of the aeroplane concerned to be- 
lieve, and report, that she had turned 
over and sunk. The danger of this 
attitude of mind from the point of view 
of the inhabitants of the country being 
attacked is that after a time one tends 
to disbelieve every claim made in the 
German reports— a conclusion which 
may not invariably be justifiable. 

There is no doubt whatever that the 
aeroplane bomb in German hands when 
used against defended positions is not 
proving to be a weapon of extreme pre- 
cision. Whether this is due, as there 
is some reason to suppose, to the inade- 
quacy of the German bomb sight or 
merely to the difficulty which undoubt- 
edly was not fully realized in peace- 
time exercise of maintaining an aero- 
plane sufficiently long on a straight and 
level course in the face of A. A. and 
hostile aeroplane attack to ensure accu- 
racy, is not clear: though the fact that 
the British aeroplane seems unques- 
tionably more successful in hitting their 
actual objectives rather points to the 
former explanation. 

With the best will in the world and 
the most determined effort to be cau- 
tious, it is impossible to do anything 
but insist on the definite superiority of 
British aeroplanes in comparison with 
those they have so far had to meet. 
The fighter’s have a most striking ad- 
(Turn to page 120) 
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Lator 

Facilities 
H. R. Boyer 

Machine 
Tools 
F. C. Robie 

Production 
J. Sulzman 
Heide 
Myers 


T ransformation of the De- 
fense Advisory Committee into the 
Office of Production Management is 
being rounded out as far as the Air- 
craft Section is concerned under the 
leadership of Merrill C. Meigs. A staff 
of highly qualified personnel has been 
attracted to Washington and has taken 
office space in the Social Securities 
Building, which probably will consti- 
tute a permanent headquarters for 
OPM. The Aircraft Section is essen- 
tially a "trouble-shooting" organization 
set up to foresee capacity problems and 
manipulate shortages in various phases 
of the program. Details of its relation- 
ship to the Office of Production Man- 
agement organization will be found on 
page 81. Herewith are presented a num- 
ber of thumbnail sketches of key per- 


A publisher, a private pilot with 
1500 hours and a transport ticket, and 
an able organizer, Merrill C. Meigs 
has been at the forefront in varied 

Born in Marshalltown, Iowa, he 
worked ior the J. I. Case Co. of Racine, 
Wis., both before and after he went to 
the University of Chicago, and as rep- 
resentative of the company sold and 
demonstrated tractors throughout the 
Middle West and in South America. 
It was during his connection with the 
Case Co. that he organized the famous 
racing team headed by Louis Strang, 
and then went into advertising as an ex- 
ecutive with Lord & Thomas. In 1918 
he became advertising director of the 
Chicago American, and in 1926 pub- 
lisher of the Chicago Herald-Examiner, 
now the Herald-American. 


Associated with flying from the be- 
ginning of aviation in the U. S., Mr. 
Meigs was the first civilian to make a 
cross-country passenger flight and one 
of the first organizers of a commercial 
transportation company. More recently 
he was a participant in the first pas- 
senger flight of the Clipper to London, 
and since 1927 Mr. Meigs has been fly- 
ing his own plane. 

If the needs of OPM's Aircraft Sec- 
tion had been foreseen 20 years ago, 
and one man assigned to spend two 
decades preparing for its direction, his 
background and experience could have 
been no more thorough than that of 
Theodore Paul Wright. Many of his 
broad range of accomplishments are al- 
ready known to readers of Aviation 
and here we can only touch on the high 



spots. During his attendance at M.I.T. 
he enrolled in the Naval Reserve Flying 
Corps and was commissioned as lieu- 
tenant in 1920, later becoming an In- 
spector of Naval Aircraft, assigned to 
the Buffalo and Garden City plants of 
Curtiss Aeroplane & Motor Co., Inc. 
In October, 1921, he entered the or- 
ganization as executive engineer and 
rose rapidly to chief engineer of the 
airplane division in 1925. Under his 
direction many famous military and 
commercial designs were developed and 
an extensive research organization set 
up. In 1931 the experimental labora- 
tory at the Garden City plant was 
moved to Buffalo and combined with 
the research and production functions 
carried on under his direction. Three 
years later he was transferred to the 
New York office of the Curtiss-W right 
Corporation as director of engineering 
and chairman of the engineering policy 
and planning committee of the parent 
company. 

Mr. Wright's production and engi- 
neering experience is not confined to 
this country, as he has travelled ex- 
tensively in Europe and studied the 
methods used in England, Germany, 
Italy, and France. He has written 
many lectures and papers, including a 
series published in Aviation, and has 
made important economic studies of air 
transport trends. He has also done 
valuable work as an officer and director 
of aircraft standards activities of the 
Society of Automotive Engineers, and 
is a member of many aeronautical or- 
ganizations. 

Chief of Planning Unit, Dr. A. E. 
Lombard, Jr., received his degree of 
Ph.D. at California Institute of Tech- 
nology in 1939. Engaged for ten years 
(1929-39) as structural, aerodynamics, 
research, and consulting engineer for 
Curtiss-Wright Corp. in Garden City, 
Buffalo and St. Louis, he was in charge 
of design, construction and operation 
of the Buffalo plant’s wind tunnel. 

At C.I.T. Dr. Lombard has been 
assistant professor of aeronautics and 
mechanical engineering, and assistant 
director of wind tunnel research. Author 
of several technical papers on airplane 
design and aerodynamics, his thesis 
was written on the subject of the occur- 
rence of flutter in aircraft. He joined 
the old Defense Advisory Commission 
last summer and did pioneer work on 
the present program. 

To his present position as Chief of 
the Manufacturing Unit of Aircraft 
Production, Arthur J. Brandt brings a 
wide engineering experience gained in 
this country and abroad. 

A Mid-Westerner, born in Walnut, 
Kansas, he is a graduate of the Case 
School of Applied Science, taking his 


B.S. in 1911. From 1915 to 1928 his 
engineering activities ranged from con- 
struction of chemical and powder plants 
for the duPont Co., to works manager 
of the Samson Tractor Div. of General 
Motors; resident manager of the Fisher 
Body Corp., and vice president in charge 
of operations, Pontiac Motor Co. From 
1928 to 1940, Mr. Brandt has been en- 
gaged in his own consulting engineer- 
ing business as president of A. J. 
Brandt, Inc., Detroit, Mich., and is 
also president of The National Tool 
Co., Cleveland, O. 

Among the more important jobs he 
has handled during the past 12 years 
have been the layout, tooling and start- 
ing in operation of the world’s largest 


truck plant at Moscow, Russia; reor- 
ganization of production facilities of 
all U. S. Rubber Co. plants, including 
the first successful development of the 
conveyor system for building tires, and 
reorganization of production activities 
and personnel of American Locomotive 
Co., Diesel Engine Div., Auburn, N. Y. 

In his present capacity in OPM, Mr. 
Brandt will assist all aircraft and air- 
craft engine and parts manufacturers 
in speeding up production for the U. S. 
and Britain. 

Active in military aviation since 1917, 
when he enlisted in the Signal Corps 
U. S. A. as a flying cadet, Maj. Edward 
(Turn to page 138) 
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U. S. PREPARES ITS AIR 


P ROFITING from lessons learned in 
Europe, the Army's Air Defense 
Command has gained much valuable 
experience in recent months through 
its war games, in which “enemy” 
bombers try to get through to attack 
military and industrial objectives. Twice 
in the past six months these maneuvers 
have been held along the east coast: 
last fall in upstate New York along 
the Canadian border, and in late Janu- 


ary throughout part of New York and 
New England. Photographs on these 
pages represent these maneuvers. 

British experience has proven that 
when bombers may be expected over 
a large area it is necessary to use 
civilians as an auxiliary to trained 
military observers in spotting approach- 
ing aircraft. Hence one of the prime 
purposes in these war games has been 
to lest how effective a civilian warning 


net might be. With the help of the 
American Legion, thousands of private 
citizens have been coached to watch 
for airplanes, then rush to their tele- 
phones and flash the news to Air De- 
fense Command headquarters. In the 
most recent maneuvers 10,000 observers 
were at some 700 observation posts. 

In some instances bombers got 
through to their objectives, but more 
often the air defense warning net 







" with as trim and clean a fuselage noso as the snout of a high velocity bullet — " the Boll P-39 interceptor-pursuit in flight. 


WHY A 

Rear Engine Installation 

A new era of aircraft conception and design is forecast 
in this story of how an important step in aerodynamics was 
taken by Bell engineers in the design of the P-39 Airacobra 


iinLAIN as the nose on your face” 

| has long been an epigram of every- 
day usage, and for a long time the en- 
gine-bulged noses of most airplanes 
have been a very evident feature. The 
rather bloated, bumped and usually be- 
scooped “snozzolas" of some airplanes 
that have been built have been not only 
extremely prominent to the eye, but were 
generally associated with poor aero- 
dynamic efficiency at high speed due to 
the high drag resulting. In the parlance 
of the aviation industry these airplanes 
had “built-in head winds”; "their noses 

The bulging noses of most of the 
airplanes we have seen have bulged for 
good reason. The engine of an air- 
plane is usually the largest single item 
of installed equipment. The require- 
ment in most cases for the installation 
of engines of maximum possible power 
has obviously not permitted the selec- 
tion of small-sized engines. The physi- 
cal limitations of materials, mechanics 
and thermodynamics limit the possible 
arrangement of airplane engines in gen- 
eral to one or two formulas of design: 
the so-called “In-line” type and the cir- 
cular or “Radial” type. Neither of 
these types of engines are very small 
when high horsepower output is re- 
quired, and the radial types have gen- 
erally been the worst offenders in size, 
due to their having the largest frontal 
areas. Airplane engines also generally 


PART I 

By Robert J. Woods 

Chief Design Engineer, 
Bell Aircrafi Corp. 


require much auxiliary equipment which 
must be closely grouped with the engine. 
Such auxiliary equipment adds gen- 
erally to the bulk of the engine installa- 
tion and is usually the principal cause 
of the many scoops and bumps that are 
often associated with the cowling over 
an aircraft engine. 

Bell Aircraft Corp. of Buffalo, N. Y., 
has developed a new and different kind 
of airplane, a military single-place 
fighter type with as trim and clean a 
fuselage nose as the snout of a high 
velocity bullet — the Bell P-39 inter- 
ceptor pursuit now in production for 
the United States and British Air Serv- 
ices. The powerful 1150 horsepower 
Allison 12-cylinder in-line liquid cooled 
engine has been swallowed into the true 
streamlines of the fuselage so thor- 
oughly and completely that to an inex- 
perienced eye the actual location of the 
engine may not be immediately dis- 
cernible. The story of how this im- 
portant step forward in the art and 
science of aircraft design was accom- 
plished is told here in the hope that it 
will foretell a new era of conception 


and design in which the "dirty noses" 
will disappear from our aircraft in 
favor of the “clean” entry which per- 
mits achievement of many important 
improvements in utility and perform- 

Less than two decades ago the sight 
of a completely uncowled engine in the 
nose of an airplane was not an un- , 
common sight. The exposed cylinders 
of the air cooled engines used to stick 
out into the airstream quite prominently, 
with little more cowling than a piece of 
tin wrapped around the crankcase, and 
the old Consolidated PT-1 primary 
trainer with its completely unclad water 
cooled “Hisso” was classic. The aero- 
dynamic efficiency of these completely 
uncowled engines, we have since learned, 
was almost non-existent. A few scat- 
tered attempts had been made in the 
early days to produce smooth fuselage 
noses on racing airplanes, but the gen- 
eral use of a smooth entry or smooth 
cowling over the engine was not preva- 

Almost simultaneously two improve- 
ments were proposed for cowling the 
exposed cylinders of radial air cooled 
engines: One, the so-called Townend 
Ring, developed in England, and the 
other the NACA cowling developed at 
the National Advisory Committee for 
Aeronautics Laboratories in America. 
Although much controversy existed at 
the time regarding the relative merits 
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and limitations of the Townend Ring 
versus the NACA cowling, the Town- 
end Ring finally turned out to be more 
or less of a stop-gap solution to the 
problem and the NACA cowl was gen- 
erally adopted and used on all radial 
air cooled engines. The smooth NACA 
cowling, although rather bulbous and 
large, was quite an improvement as it 
brought with it, as a first reward, rather 
important increases in speed by reduc- 
tion of drag. The benefits that followed 
in improved stability and control and 
finally, in spite of the early misgivings 
of the engine manufacturers, in im- 
proved cooling, were real advances in 
the science of aircraft design. 

Along about the same time a definite 
change took place in the design of the 
noses of airplanes carrying liquid cooled 
engines. The usual flat radiator which 
had been installed ahead of the engine 
directly behind the propeller, was now 
placed further aft under the engine 
on the bottom of the fuselage in a 
serious attempt to provide a real stream- 
lined shape to the nose cowling of the 
airplane. This arrangement was used 
on several Army Air Corps airplanes 
using Curtiss D-12 and Conqueror en- 
gines. 

When the gains made in improved 
performance, stability and control and 
cooling function due to these changes 
had been established the way was shown 
for research and development to deter- 
mining the optimum arrangement in 
fuselage nose designs. The aircraft de- 
signers had become "nose” conscious 
and no time was lost in determining 
the ultimate in refinement. The ultimate 
turned out to be our old friend the 
pointed nose of a high speed bullet. 

The next phase of the development of 
nose shape was in providing cowlings 
for radial air-cooled engines of greatly 
increased horsepower. The original 
NACA cowling designed for the J-5 
and P&W Wasp engines was increased 


considerably in size to inclose the more 
powerful engines and began to develop 
miscellaneous appendages in the form 
of scoops for taking in cooling air, 
cowling flaps at the exit slots and vari- 
ous and sundry other complications. 
Several in-line type air cooled engines 
appeared on the scene, with slick look- 
ing cowlings that were quite efficient. 
But, these engines were almost without 
exception limited to relatively low horse- 
powers. 

The liquid cooled in-line engines did 
not appreciably increase in size with 
increased horsepower, but on the other 
hand were equipped with reduction 
gears for the propeller and so arranged 
as tq provide a much smoother sym- 
metrical streamlined nose. Propeller 
spinners were generally used, and the 
radiators were moved still further aft 
to a position under or aft of the wings. 
The clean streamline bullet nose was be- 
ginning to come into the picture, al- 
though the number of scoops, bumps, 
dents, machine gun blast tubes, exhaust 
manifolds, etc., that the practical design 
artists and standardization experts man- 
aged to get stuck on the outside were 
to say the least detrimental. 

However, new problems began to come 
into the picture when, with the increase 
in horsepower of the engines, the weight 
became a greater proportion of the total 
weight of the airplane and adversely 
affected the airplane balance. The en- 
gines had to be pushed back toward the 
wing so that the noses of the single en- 
gined airplanes became stubbier and be- 
gan to resemble streamlined nail kegs. 
Also, the necessity for controllable pitch 
and automatic type propellers with their 
relatively large increment of weight aug- 
mented the balance problem. 

To add to all of these problems on 
single-engined military type aircraft, 
the long standing requirement for two 
medium-size machine guns synchronized 
/Turn lo hwe 112 ) 




Seaplane or Landplane 



T HE time is now past when doubts 
exist regarding the practicability of 
commercial travel by air across the 
oceans. The general public and airline 
operators already know that this 
method of transportation over the vast 
stretches of water is safe, most con- 
venient and economical. A large 

demand for such transportation is in- 
evitable. Present conditions already 
clearly indicate the desirability of 


planes, of somewhat larger capacity 
than those in service, and which would 
be capable of crossing the Atlantic, 

Although flying boats have been used 
up to the present for this service, there 
are some arguments concerning the 
desirability of using land planes instead 
of flying boats in the future. Numerous 
papers have been presented and articles 
written on the subject. Some of them, 


in the opinion of the author, presented 
satisfactory conclusions. There are 
proposals for various radical designs 
which are not practical now or for the 
near future due to the lack of engineer- 
ing and service information to prove the 
merits claimed. 

The presence of discussions and dif- 
ferent opinions reveal a great interest in 
this important subject and are very 
beneficial, especially now and in con- 



for Transoceanic Service 


* 


The author believes that a properly designed flying boat 
of a size of 50-100 ton gross weight, besides greater safety 
and convenience of operation, would have an equal cruis- 
ing speed, appreciably better payload or longer range at 
that speed, compared with a land plane of the same gross 
weight, power plant and volumetric capacity. 


By Michael E. Gluhareff, 

Chief of Design, Vought-Sikorsky Div. United Aircraft Corp. 


nection with the national defense of our 
country, where long-range airplanes are 
an absolute necessity, particularly flying 
boats, which are independent of long 
runways and the resultant large flying 
fields. 

It is the object of this article to 
analyze objectively the reasons why a 
flying boat is a more practical and ad- 
vantageous type of aircraft than a land 
plane for long-distance over-water 

Obviously, the airplanes we have to- 
day cannot be the ultimate achievement. 
Continued improvement in design, 
power plant and material or an entirely 
new type of aircraft may alter the situ- 
ation tomorrow. However, in the light 
of present knowledge, let us consider 
only the airplanes which are most likely 
to be built now for coming non-stop 
transoceanic service — airplanes of 
nearly the conventional design of today. 

It is proper to mention here that 



Michael Gluhareif 


from a purely aerodynamic standpoint, 
the flying wing type is an excellent 
solution for the long range machine, 
but for passenger service it is impracti- 
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cal because there is not sufficient room 
inside. The study of a 100-ton flying 
wing as a trans-Atlantic non-stop pas- 
senger carrier revealed that there was 
barely enough useful space to accom- 
modate power plant and fuel if it is to 
be an efficient design. 

Coming to present and expected de- 
mands for transoceanic air service, it 
seems reasonable to assume that ships 
of 50-100 ton gross weight will be 
needed to carry the payload. Safety 
dictates the necessity of multi-engined 
craft with not less than four engines, 
capable of taking off under its own 
power and crossing the ocean non-stop. 
It hardly seems necessary at the present 
time to ask for speeds, throughout the 
entire range, in excess of 200 m.p.h. at 
altitudes of 8,000-10,000 ft. Such ships 
should have ample room for the accom- 
modation of passengers, mail and ex- 
press. National defense suggests that 
these airplanes be capable of transfor- 
mation into patrol bombers or troop- 

For the sake of comparison of the 
two types of aircraft likely to be de- 
signed for such service — landplane and 
flying boat — let us consider airplanes 
that are equal In gross weight, power 
plant, cruising speed, cruising altitude, 
payload and volumetric capacity. The 
value of the airplane type may then be 
measured by its range. 


The author and the organization 
with which he is connected, have been 
working on and studying long-range 
airplanes of nearly all types for military 
and commercial use for many years. 
The practical experience in design and 
construction of large flying boats by 
this company indicates that, when 
everything is taken into consideration, 
the all-around practical, long range, 
transoceanic airplane is likely to be of 
the flying boat type. 

(Turn to page 124 ) 
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Eliminating Propeller Failures 

In 1932 there were 41 propeller failures in flight. Last year there was none. 
Here is the dramatic story of the research that brought this improvement. 


By Erie Martin 

Hamilton 





Carburetor and Propeller 
ANTI-ICERS 


Reliable pumps that operate under all condi- 
tions are a "must" for any anti-icing system 

By David Gregg Chief Research Engineer, Eclipse Aviation 


W ITH [he successful solution of 
wing icing by means of rubber de- 
icers, the problems of propeller and car- 
buretor ice remained. Slinger rings 
and anti-icer pumps have largely elimin- 
ated propeller icing; heat and alcohol 
injection are solving the carburetor 
icing problem. We are all more or less 
familiar with the methods of applica- 
tion, and interest now centers on the 
specific items of equipment involved, 
and the factors governing their design. 

Consider propeller icing. We know 
that a mixture of alcohol-glycerine fed 
to the propeller by a slinger ring 
spreads over the surface of the pro- 
peller blades in a more or less effective 
pattern, reduces the adhesion of the 
ice as it forms and centrifugal force 
does the rest. Slinger rings are more 


or less standardized. The liquid used 
has been standardized. The amount of 
liquid required falls within certain defi- 

The last remaining variable is the 
anti-icer pump that delivers liquid to the 
slinger ring. There is every breed and 
variety of pump on the market; single 
outlet, double outlet, four outlet, dia- 
phragm type, gear type, even converted 
windshield wipers have been used. 


What is the best type of anti-icer 
pump and why ? That is a definite 
question and an equally definite answer 
is available. Let us consider the facts. 
Ice forms on the propeller under many 
different atmospheric conditions and 
there are many different types of ice 
formation. The pilot cannot read an 
instrument and say, “I need 2 qt. of 
liquid per hour per propeller" or "I 
need 4 qt. . . . ” He still judges the 
amount of liquid required by feel and 
by ear. 


nti-lcer Installation for 4-Engine Airplanes 
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Installation far 2-Engine Airplanes 
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When he first uses the anti-icer pump 
he turns to a high rate of flow until 
the initial ice formation is removed, 
then gradually reduces the rate, keeping 
the flow just above the point where the 
ice slushes uniformly against the side of 
the fuselage and engine vibration has 
been reduced. The flow that accom- 
plishes these results differs for different 
ice conditions. As the pilot judges the 
amount of liquid required by the feel 
or sound of ice removal from one pro- 
peller, it is essential that all other pro- 
pellers receive approximately the same 
amount of liquid in order to remove 
effectively their ice. The pilot must 
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have some definite way of knowing that 
this result is being accomplished. That 
is the first requirement 

The second requirement follows. 
There must be some effective control by 
which the amount of liquid supplied can 
be varied. Several years of airline 
operation and accurate measurement of 
the amount of liquid used under varying 
weather conditions indicate maximum 
limits of from 2 to 8 qt. per hour per 
propeller, the higher flow being used 
when the anti-icer pump is first turned 
on to remove accumulated ice. An aver- 
age of approximately 3 qt. per hour 
per propeller is used under ordinary ice 
conditions. 

The third requirement is based on the 
characteristics of the liquid used. We 
know that an alcohol-glycerine solution 
may evaporate in the pump and lines 
when they remain unused, leaving be- 
hind a sticky glycerine deposit that col- 
lects in low spots in the system and 
blocks the outlet lines, or gums the 
operating parts of the pump. When the 
anti-icer pump is placed in operation it 
must have sufficient power to overcome 
initial friction of the gummed parts and 
develop enough pressure to force any 
deposit of glycerine from the lines. It 
must be capable of instant starting and 
continuous operation at temperatures 
normally below the freezing point. It 
is, therefore, essential that the maxi- 
mum power available to drive an anti- 
icer pump be largely in excess of the 
normal operating requirements other- 
wise the pump may not function. 

As alcohol is anhydrous, the liquid 
in the tank will gradually absorb water 
and the resulting mixture is far more 
corrosive than the fresh solution. The 
materials used in the anti-icer pump 
must accordingly be selected to prevent 

These then are the four basic re- 
quirements of an anti-icer pump: 

1. Uniform distribution of flow. 

2. Control of rate of flow. 

3. Adequate reserve power and pres- 

4. Freedom from corrosion. 

Uniform flow distribution to several 

propellers can be secured by a single 
outlet pump and means of accurately 
dividing this flow, or by a multiple 
pump with a separate outlet for each 
propeller. Various combinations and 
arrangements are possible. Consider the 
actual installation in an airplane and 
the equipment involved as shown in the 
following table. Here the length of 
tubing required has been based on the 
estimated distance from the pilot’s cock- 
pit to the center of fuselage at the wing 
spar, the distance from this point to 
each of the engine nacelles, and the 
distance from the base of the engine 
nacelles to the slinger ring. These esti- 
mated distances are probably less than 
occur in actual practice due to bends 


in the tubing, so that the estimated tube 
length is, if anything, too short. 

Several facts are apparent from a 
study of this chart. First it is obvious 
that the use of liquid flowmeters, such 
as a float in a tapered glass tube, in- 
creases the required length of tubing 
from two to six times, while an electric 
flowmeter has no effect on the tube 
length. Next, it is interesting to note 
that the estimated length of tubing for 
anti-icer installation in a 4-engine air- 
plane is exactly the same as that for 
2-engine airplanes, when two, two-out- 
let, anti-icer pumps are used, and that 
this arrangement gives the minimum 
tube length. Assuming then that a two- 
outlet pump provides the most desirable 
production unit and affords the simplest 
service installation, what type of pump 
is best? As far as the drive goes, an 
electric motor is clearly indicated and 
its choice has been practically universal. 

Now for the pump itself. The orig- 






Rear view oi test stand shown above. 


inal propeller anti-icer pump resulted 
from the collaboration of several groups 
investigating propeller ice removal In- 
formation at that time favored a dual 
diaphragm type of pump. Several 
thousand of these units have been used 
and have given good service. At first, 
gumming of the valves caused some 
difficulty, but a new type of flexible 
valve largely eliminated this trouble. 
Accumulated research and service ex- 
perience led to the development of the 
gear type anti-icer pump with no valves 
to gum or stick, and few moving parts. 
For a two-outlet gear pump, two ar- 
rangements are possible, two sets of 
two-gear pumps driven by a single 
motor, or a single three-gear pump. The 
latter type eliminates one gear and one 
set of tolerances as well as several bear- 
ings — so is inherently more accurate 
than the double pump. As the required 
output is low, the gears and housing 
must be made to very close limits if the 
pump is to provide uniform flow from 
two outlets under widely varying pres- 
sure characteristics. Laboratory and 
service testing point to maximum total 
clearances, between the sides of the 
gears and the housing, of ,0003-in. to 
provide proper flow. Such clearances 
require tolerances beyond the range of 
ordinary production methods, and in- 
volve adequate tooling and thorough in- 
spection. 

Such a pump is illustrated herewith, 
both assembled and disassembled. Parts 
and weight have been reduced to a 
minimum. The unit is completely ex- 
plosion proof, and includes an explosion- 
proof AN quick-disconnect plug. The 
dry prime of this pump is equal to a 
lift of 10 to 15 ft. of alcohol-glycerine 
solution, and once the gear teeth are 
wet, a vacuum of approximately 28 in. 
of mercury can be maintained. The 
discharge pressure is equal to the resist- 
ance through the installed tubing and 
is normally 5 to 10 lb. per sq. in., but 
the pump is capable of building pres- 
sures of from 300-600 lb. per sq. in. if 
necessary, to remove congealed slugs of 
glycerine from the lines. Though the 
manufacturing processes must be closely 
controlled in a pump of this type, 
service replacements are almost entirely 
eliminated. Aside from changing the 
motor brushes or possibly an oil seal, 
there are no parts that should require 
repair or adjustment in a service life 
beyond that of the airplane in which 
the unit is to be installed. The uniform 
distribution of flow possible with a 
pump of the type described here is 
shown by the output curve, with one 
outlet at zero pounds back pressure, 
the other at 15 lb. per sq. in. back pres- 

With distribution of flow taken care 
of by proper design and manufacturing 
methods, the rate of flow can be accur- 
(Turn to page 130) 
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NINTH ANNUAL MELTING OF THE 

Institute of the Aeronautical 


Each year the value of the annual meeting of the Institute 
of the Aeronautical Sciences is increased. It represents a 
cross-section of the industry's technical developments — a 
few of the important papers are abstracted in the following. 


O NCE again the annual meeting of 
the Institute of the Aeronautical 
Sciences has been held, and once again 
there were presented papers that give 
a representative view of what research 
and technical work is being carried on 
throughout the industry. Preceded by 
the Honors Night Dinner, on Jan. 2S, 
the meetings lasted for three days, with 
sessions in the morning, afternoon and 
one in the evening. 

The Honors Night dinner had more 
“brass-hats” of the industry per square 
inch than have ever before been col- 
lected in one place. Frank W. Cald- 
well, able Director of Research for the 
United Aircraft Corp,, was inaugu- 
rated as president of the Institute for 
this coming year, succeeding Major 
James H. Doolittle. Interesting high- 
lights were the talks by Major Gardner 
on this last year’s contributions to the 
I. Ac. S., and by Griffith Brewer, dis- 
tinguished president of The Royal 
Aeronautical Society, who recounted 
anecdotes of early aviation. 

With this as a good start the meet- 
ings got under way with some sixty- 
odd technical papers presented. Al- 
though space does not permit a review 
of all of the papers given, the following 
abstracts give a cross-section of what 
important subjects were covered. 

Air-Cooled vs. Liquid-Cooled Aircraft 
By John G. Lee 

There are many reasons for choosing 
an air-cooled or a liquid-cooled power 
plant. They may be technical, eco- 
nomic, or practical. They may depend 
upon the equipment of certain factories, 
or the collective experience of a group 
of engineers, or the previous equip- 
ment of an air force. The present 
paper is confined to the technical rea- 
sons. . . . The basic drag of a stream- 
line object is first considered. . . . 
The curve of drag coefficient vs. fine- 
ness ratio serves as a reminder that 
practically speaking, drag is not caused 
by frontal area alone, but is largely 
caused by skin friction. In a perfect 
fluid, a streamline object has no drag 
at all. ... It is clear that when we 
increase the diameter of a fuselage 


to take a larger engine, the increased 
drag is due, not to the increase of 
frontal area, but to the increase of sur- 
face area, other things being equal. . . . 
It is interesting to pursue the subject 
of frontal area and fineness ratio a little 



the fuselage or nacelle is already deter- 
mined by other factors, increasing its 
diameter does increase its drag. . . . 
In the case of the drag of an engine 
nacelle, the situation is complicated by 
the presence of the wing behind it. . . . 
A reasonable order prevails. The 
smaller the nacelle relative to the wing, 
the lower the drag coefficient. . . . 

A word about the “submerged" en- 
gines may be in order at this point. 
During the past few years wings have 
been getting thinner for planes of a 
given gross weight, and it now seems 
almost impossible to design an engine 
which may be wholly housed within 
a wing and which will have sufficient 
power to be attractive. If the power 
of these “flat" engines is not really 
large, higher performance can be ob- 
tained in an airplane using larger 
engines of orthodox type. . . . 

Summarizing the material presented 
so far, it is apparent that increasing 
the diameter of a fuselage or nacelle 
of given length results in an increase 
in drag, due principally to the increased 
skin friction area and to the interfer- 


ence effects upon the wing. This in- 
crease in drag is very much smaller 
than the increase in area, but is suf- 
ficient to count in favor of a compact 
liquid-cooled engine. 

Meredith (F, W. Meredith “Cooling 
of Aircraft Engines" R&M 1683, 
August, 1935) and others have shown 
that if air is admitted to a passage at 
high speed, expanded through a diffuser 
to a conditon of low velocity and 
high pressure, and then heated, the 
heat energy imparted to it may be re- 
covered as thrust, if the air is dis- 
charged rearwardly through a nozzle 
or gill. This is the familiar “ducted” 
radiator of the liquid-cooled engine. 
It is also the air-cooled engine 
itself. . . . 

The only difference between the 
radiator and the air-cooled engine is 
that the radiator can be fitted with 
duct work without modification of the 
remainder of the cowl, and hence 
engineers found this a relatively simple 
change to make. . . . The important 
point is not whether the air-cooled or 
the liquid-cooled engine has the lower 
cooling drag, but that the cooling drag 
of both is being rapidly reduced, and 
may ultimately become zero. , . . 

Any system of heat energy recovery 
from the engine requires heat transfer 
from the engine, ultimately, to the 
cooling air. Heat transfer, to be effi- 
cient. requires that the heat be avail- 
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cooled engine. However, no engine, 
whether military or commercial, flies 
at wide open throttle for more than 
a very small fraction of its total time. 
Even the pursuit plane must spend the 
majority of its time looking for its 
enemy, or getting from its base to the 
probable scene of operations. The sig- 
nificant fuel consumption, then, is the 
cruising fuel consumption. ... In 
studying the comparative weights 


of air-cooled and liquid-cooled 
engines compared in each group. Cer- 
tain of the engines are now in produc- 
tion; others are modifications of pres- 
ent engines ; still others are only on 

We are accustomed to comparing air- 
planes on the basis of equal power and 
pay little attention to the fact that the 
liquid-cooled airplane, being heavier, is 
also the larger. . . . We arc primarily 




Applying Automotive Methods 
to Aircraft Production 


Part II of an article describing what can be accomplished in planning projects and 
processes and the various elements necessary in achieving high industrial efficiency 


P ART I of this article, printed in the 
January, 1941, issue of Aviation 
(p. 42), discussed mass production and 
suggested four requisites by which such 
methods could be accomplished: Prod- 
uct Engineering, Tool Engineering, 
Cost Analysis and Production Control. 

In the concluding part there is of- 
fered the final three of these requisites 
to mass production in the aircraft in- 

Tool Engineering is greatly influ- 
enced by quantity and the basic design 
of the part. Properly planned and exe- 
cuted tooling contributes much toward 
the fulfilment of the mass production 
principle particularly : 

(A) Properly planned operation se- 

(B) Simple fool-proof jig and fixture 

(C) Gaging and locating points com- 
mon to mating parts 


By Don R. Berlin 

Dir. of Military Engineering. 
Curtiss Aeroplane Division 

Peter F. Rossmann 

Research and Development Engineer, 
Curtiss-W right Corporation 


(D) Non-fatiguing work heights and 
positions 

(E) Reasonable application of time and 
motion studies 

(F) Providing adequate inspection 

The advantages and necessity of 
proper tooling cannot be over empha- 
sized since the manufacture of inter- 


changeable parts is the indispensable 
requisite precedent to mass production*. 
Therefore, in the production of increased 
quantities of aircraft, it is insufficient 
to merely expand proportionally the ex- 
istent manufacturing facilities’. Better 
tooling acquires added significance since 
the product, as influenced by mass de- 
mand, must be produced more quickly 
and more economically. In this regard, 
advantages can be derived by encourag- 
ing increased respect for the automobile 
industry’s attitude and dependence on 
effective tooling. 

The inspection item although limited 
in its application (by quantity require- 
ments) is of more importance than is 
generally conceded, but it is one of the 
most essential factors in controlling 
variations in the product. Inspection 
expedites production, witness for exam- 
ple, the extensive and ingenious auto- 
mobile inspection tools. Therefore, it is 
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imperative that provision should be made 
in the airplane tooling budget for in- 
spection equipment. Good inspection 
tools inspire greater confidence in in- 
spection results. 

The third, "Accurate Cost Analysis 
and Regulation" is more than keeping 
books to record expenditures. The 
automobile industry is cost conscious 
and the modern car would be impossible 
without this consideration. Accurate 
estimates are necessary for reliable 
cost predictions and there is sufficient 
precedent and cataloging of aircraft 
manufacturing operation data to be of 
material assistance in compiling useful 


clock-like precision with which cars 
are produced is significant evidence of 
its effectiveness. Another element of 
such control that has had practically 
no recognition in the aircraft industry 
is the application of economical lot size 
(the economical cycle) or as it is more 
generally known the most economical 
number of parts to make in a setup. 
Heretofore, there has been limited op* 
portunity to apply this science in air- 
craft but now circumstances are much 
more favorable to its adaptation. 

Material handling can be regarded as 
part of production control and it is a 
very much neglected phase of manufac- 



turing. Its function is more than regu- 
lating and moving material through the 
plant. In fact, an efficient plant layout 
is planned on the basis of proper rout- 
ing of material between the process sta- 
tions, assembly departments, storage de- 
pots, etc. Conveyors are a means of 
material handling and planned layout 
studies prescribe them when circum- 
stances justify their use. Providing 
adequate supplies of material at the 
various process stations and the main- 
tenance of shortage lists by stock chas- 
ers is also material handling. 

Finally, there is the problem of de- 
signing the experimental airplane. This 
has always been a moot point, there 
being conflicting opinions as to the best 
solution of the problem. In the auto- 
mobile industry there are different influ- 
ences with regard to sales, customer's 
desires and requirements, trend of the 
art, etc. Furthermore, there is this 
important difference; the automobile 
industry flourishes under more advan- 
tageous conditions because that type of 
product can be slanted toward a sales 
active production. In addition, the ex- 
perimental models will finally go into 
(Turn to page 122) 



cost estimates. In fact, competition in 
the aircraft industry should give the 
necessary impetus to this phase of man- 
agement. Cost regulation is the ap- 
plied art of intercepting costs before 
the money is expended 1 . All costs should 
be challenged and justified, otherwise 
there can be no confidence in the opera- 
tion of the expense budget. Time 
studies may be considered part of the 
analysis. More can be said on this sub- 
ject of costs. However, there are au- 
thoritative publications indicating useful 
cost data which can be consulted in 

The fourth, “Production Control" in- 
volves principally scheduling and ma- 
terial handling. The former requires 
accurate data on equipment and man 
power capacities so that an orderly flow 
of production can be maintained with 
the minimum of congestion due to hold- 
ups, changes, shortages, etc. This con- 
trol in automobile manufacture is the 
nerve center of production and the 



The trend is to fewer gas welding opera- 
Origlnally hammering over a line or wood 

can be produced on a tool investment of S35. 






ICE-FREE CARBURETORS 

FOR UCHTPLANES 

Here is one very practical solution to a problem 
that is often serious for lightplane operators 


By L. V. Kimball 

Mason Laboratories 
New Haven, Conn. 

D URING the last two years there 

flying, much of which is done in Class 1 
and small Class 2 airplanes. Although 
carburetor heat has been available on 
practically all of these planes there 

carburetor ice or about symptoms which 
could be readily diagnosed as carburetor 


Many new pilots arc as yet unfa- 
miliar with the symptoms of carburetor 
ice; and, for this reason, it seems 
proper to explain them. The ice is 
usually formed in the carburetor at a 
fairly slow rate, depending on the out- 
side air conditions; and is character- 
ised by a drop in power or falling 
off of r.p.m. Sometimes this is accom- 
panied by a roughness of the motor 

the carburetor which makes the mixture 
very rich. 

Where sufficient carburetor heat is 
available for take off and cruising con- 
ditions the carburetor may only ice up 
on the approach before landing in which 
case the pilot finds that on opening the 
throttle the engine either stalls or has 
practically no power. This is em- 

go around again or use the throttle 
to correct under shooting the field. 


Most of the smaller ships are equipped 
with carburetors which are subject to 
ice formed by refrigeration. This ice 
is formed from moisture removed from 
the air by the latent heat of vapor- 
ization of the gasoline. This phenom- 
enon can be demonstrated by wetting 
the end of a thermometer. As the liquid 
evaporates, the temperature will drop. 

The temperature drop through the 

with different arrangements. This 


densed out or the charge; and, under 
iavorable conditions, these particles 
will cling to parts of the carburetor'. 

found around the throttle itself or but- 
terfly valve. This is dangerous as it 
gradually closes off the passage, thereby 
reducing the power. 

The second most common forma- 



This is dangerous as it increases the 
suction on the jet and makes the mix- 
ture very rich. This may continue 

The ice thus formed is particularly 
dangerous as it decreases the available 
carburetor heat in two ways, first by 



t is possible, to a great extent, to 

dictions are not infallible. Carbu- 
>r ice may be expected in tempera- 
:s of less than 50 deg. where the 
: point is less than 5 deg. below 
prevailing temperature. To what 
ent the available carburetor heat 
I prevent the formation of ice is 

t and 


• of e 
y with the 


’ ft clear 

little flying 


One positive method of i 
nation is suggested here ' 
required in airline operation v 

to cause a 40 deg. temperatur 
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the carburetor air intake. The instal- 
lation consists of a supply tank of about 
1 gal. capacity mounted inside the ship 
at some point where it can be filled 
conveniently and sufficiently high above 
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D URING the first World War Goodyear 
airplane tires were extensively used 
on American military aircraft — because 
even in those days they represented 
years of progressive development. 
Since then Goodyear has paced avia- 
tion progress with many major new 
contributions, headed by the Airwheel 
and the Hydraulic Disc Brake. So it is 
not surprising that today, as America re- 
arms in the air, Goodyear again is taking 
the lead in supplying not only tires, but 
tubes, wheels and brakes for all types of 
fighting ships. For Goodyear, through long 
cooperation with the industry, was ready 
with proved and tested wheel equipment 
to meet the exacting demands of modern 
military aircraft. Perhaps our engineers 
could serve you, too. Write: Aeronautics 
Department, Goodyear, Akron, Ohio, or 
Los Angeles, California. 
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Stainless Steel Fabrication 


By Frank M. Smith 

Genera/ Manager, Stouf Skycraft Corporation 


W ITH stainless steel entering more 
and more into use in the building 
of aircraft today, methods of fabricating 
and working it are becoming of great 


A check of the research laboratories 
of the various steel companies, and of 
many prominent industrial concerns 
working on stainless steel reveals, how- 

fabricating of high tensile austenitic 
stainless in rolled and formed shapes. 

It has been found that methods of 
rolling and forming familiar to the ma- 
les; steel in the tensile; utilized in the 
automotive and structural trades have 
had to be radically altered with the 

185,000 lb. p.s.i. ' Attempts to force 
the material harden it to the danger 
point, resulting in failure through 
cracking or buckling especially in the 

Figure 1 illustrates an improper de- 
sign for a rib or longeron section 

sary. A flat top and square corners 

ber will assure its failure, while a 
properly designed section, as shown in 

satisfactory forming. 

For forming light angles to a curve, 

obtained by crimping as illustrated in 

and tendency to spring back make draw 
bending or wiping too inaccurate with- 
out constant alteration of the jigs, dies 
or forni3. 

The use of spot welding instead of 



both for strength of weld 


more initial 
iroper spot 
ig surfaces, 
nd smooth- 



ly ISN’T IN THE BOOK 


ness of contour. Fig. 4 shows a spot 
welded structure fabricated on a proper 
jig, while Fig. 5 shows the result 
of spot welding over an inaccurate jig. 

In order to eliminate unsightly con- 
ditions caused by spot welding thin skin 
to heavier gage structure, the skin 
should not only be tightly drawn over 
the structure, but spotting should be 
done by the divisional method. That 
is, the first spots ought to be located 
at extremes and center of the surface 
to be welded, and subsequent spots 

lions progressively throughout. (Fig. 
4.) 

' To eliminate the annoying and dis- 
turbing noises occasioned by the so- 
called "tin-panning” of flat surfaces in 
the structure, corrugating of such sur- 
faces should be resorted to wherever 
possible. Fig. 6 illustrates a spar web 
with the usual Wagner truss which is 
especially critical to "tin-panning" in 
the many bays between verticals, while 
Fig. 7 shows a beam section with cor- 
rugated web where "tin-panning” or 
noisy buckling is entirely eliminated. 
Both of these samples have been 
stressed beyond the elastic limit diag- 
onally. 





BALANCED PISTON 
TYPE 

RELIEF VALVE 


( i r c a t e r Accuracy — Independent 
of Flow Kate 

A hydraulically loaded and balanced piston takes the 
place of the customary spring-loaded direct-acting 
relief mechanism. The exclusive and patented Vickers 
construction means more sensitive operation and 
greater accuracy throughout the wide pressure range. 
Variation in pressure from cracking point of valve to 
its maximum rated capacity is negligible (see chart 
below). Compact design, installation directly in pres- 
sure line, and simple adjustment are other features 
of this Vickers Relief Valve . . . precision engineered 
for the aircraft industry by America's largest manu- 
facturer of power hydraulic devices. 
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SHOCK ABSORBING 
SYSTEMS 


Part II of an article dealing with the problems of shock ab- 
sorber systems of large military and commercial planes 



By Walter A. Semion Hughes Aircraft Company 


Strut in tully extended 
position. 


P ART I of this article, primed in the December, 1940, 
issue of Aviation (p. 80), presented a general descrip- 
tion of landing gear structures and shock absorbers, the 
shock absorbing qualities of a tire, the functioning of pneu- 
drauiic struts, and strut action in landing and in taxiing. 

In the following section of the article, solutions are offered 
to the problems presented in the previous material, and. 
with reference to the DC-4, the theoretical derivation of the 
main landing gear efficiency is given followed by a numeri- 
cal example. 

Dynamic Testing 

The primary purpose of the present day drop testing is 
to determine the shock absorbing qualities of the enure 
shock absorbing unit or its constituent parts, i.e., pneu- 
draulic strut and tire separately or in combination, rather 
than to determine the strength of the undercarriage sub- 
jected to a severe impact load. However, at times it is 
necessary to run a series of special proof tests in order 
to verify the assumptions of the original design. 

The Bureau of Air Commerce requirements for free 



height in drop testing take into consideration the airplane 
landing speed as well as its vertical speed. The maximum 
vertical velocity oi descent has been set by the Bureau at 
700 feet per minute. The maximum free height of drop 
would thus be approximately 26 inches. 

The vertical speed and the amount of energy to be 
absorbed usually determine the drop test requirements; 
however, the airplane attitude on landing also has to be 
considered. The weight of the airplane, the vertical sinking 
speed and the mass travel after contact determine the 
amount of input energy. In actual landing the wing lift 
force tends to minimize the impact loads. At the instant 
oi the tire contact with the ground the lift force is equal 
to the airplane weight, from that moment on the rate of 
decrease of the lift force will depend upon the airplane 
attitude. On airplanes equipped with conventional gear 
the rate of change in three point landing tends to be 
greater than on aircraft equipped with tricycle type landing 
gears. This is explained by the fact that on tricycle type 
aircraft the absolute angle of attack is always smaller, and 
consequently its rate of change will be less. In an aero- 
dynamic study of the action of the airplane in the landing 
run, it was found that the average value of the wing lift 
mi the DC-4 was equal to 0.7g. This value would be 
different for different airplanes since it depends on the 
landing angle, the angle of incidence of the airfoil, the 
change oi angle of attack during the landing run, and the 
landing speed (see Fig. 5). For the DC-4 then the total 
energy input was less by 0.7W times the maximum mass 

The height of free drop for a given vertical velocity v 
will be: 

H = £ (2) 

liquation (1) will thus become: 

E = W(H + t + s v ) (3) 

Due to the weight of the lower part oi the undercarriage 
//', and the weight oi the upper mass lt\ the correction 
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factor introduced on drop testing would somewhat decrease 
the total input energy. 

B = W[H + 1 + 8,(1 Wu W ; Wt )3 (4) 

where W 0 + \V L = W 

In Fig. 2 the mass velocity ordinate at each instant 



and mass acceleration ordinate will be 



where C „ and C„ arc velocity and acceleration constants lor 
a given space-time recording accelerometer. 

Referring to Fig. 3, the energy absorbed by' the main 
gear is represented by the area under the curve OJDE. 
Energy dissipated is included within the area OJDKL. 

Energy absorbed by the shock absorbing strut is repre- 
sented by the area OFGBC. Energv dissipated is the 
area OFGBH1. 

The Main Landing Gear Efficiency (%) will thus 
become : 



Total energy di ssipated 

(Maximum Dynamic Load) X (Maximum Mass Travel) 

X 100 


Area OJDKL 
Area O A D E 


100 


or r — -^ vera i> e Load Factor 
>u Maximum Load Factor 

In the first efficiency equation the maximum dynamic 
load will be 


L = W (Maximum Load Factor) 

The shock absorber strut efficiency (%) will be: 
Energy Dissipated 

‘ (Max. Dynamic Load) X (Max. Strut Stroke) 

^ Average Load Factor 

Maximum Load Factor 
Area OFGBHI 


The merit factor of a strut takes into account the test 
weight IV, height of free drop, strut stroke and the maxi- 
mum load developed on a drop. 



Where: L = maximum dynamic load developed 
H 1 = height of given drop 
H = height of required maximum drop 
s v = maximum strut stroke 


Numerical Example 

Aii airplane weighing 16,000 lb. is to be tested to a 

S ply streamline capable oi absorbing 4600 ft. lb. of energy 
each at a radial deflection oi 6.5 inches. The strut has a 
working stroke of 9 inches. What should be the maximum 
efficiency of the strut so that the load factor does not 
exceed 5g? 

The total input energy on 26-inch drop 
E = (26 + 6.5 + 9) = 332000 in. lb. 


Energy absorbed by the tire from Fig 
E, = 4600 X 12 = 55200 in. lb. 
Energv absorbed by the pneudraulic s 
E, = 332000 - 55200 = 276S00 in. 1 
_ 276800 

11 “ 8000 x 9 


— X 100 = 77% 





The 

Crowell 

Trainair 


A new on-the-ground training machine 
has been developed for teaching beginning 
students how to coordinate flight controls 


or lifts the nose. Likewise, movement 
of the stick from side to side changes 
the horizontal axis. However, as in an 
airplane, when the stick is moved from 
side to side in conjunction with the 
rudder bar, the action is more rapid. 
Movement of the stick affects the bal- 
ance of the weight beneath the pilot’s 

The motor at the front of the trainer 
drives a 12-in. wooden propeller. This 
is by no means a toy, as it produces a 
real thrust. When the trainer is simu- 
lating straight flight, the propeller turns 
in a horizontal plane. When the left 
end of the rudder bar is pushed for a 
left turn, the propeller plane is tilted to 
the left, and the pull of the propeller 
moves the nose to the left. In right 
turns the propeller is tilted to the right 
and draws the nose in that direction. 

Students are taught to maneuver the 
airplane and make precise turns by aim- 
ing a tiny spotlight at a wood panel, 
on which is painted a series of flight 
paths. Beginning students have trouble 
in keeping the spotlight on the board. 
After several lessons they arc able to 
aim it where they intend to. 

The first lesson is in keeping the spot 
on the board. The next is in moving 
the spot from side to side on the hori- 
zontal line by use of the rudder bar, 
keeping the stick in a neutral position. 
Then the student learns to move the 
spot up and down the vertical line by 
using the stick, at the same time keep- 
ing the rudder bar level. Following this, 
he learns to coordinate the hand and 
foot controls by tracing the eliptical 
paths. The test of the machine is that 
an experienced pilot can immediately 
put the spotlight exactly where he 


A NEW device called the Crowell 
Trainair has just been put on the 
market for the purpose of familiarizing 
primary flight students with the han- 
dling of airplane controls. With the 
success of the Link Trainer firmly 
established for teaching instrument 
flight instruction, the possibilities of an 
on-the-ground trainer for beginning 
students is well worth considering. 

The new trainer has been designed 
by John E. Crowell, a pilot of twenty 
years’ experience. He has flown all 
sorts of airplanes under all sorts of 
conditions. He has built airplanes, 
barnstormed in Jennies, done aerobatics 
for years, and has taught scores of 
students — including two Chinese cooks 
— to fly. The trainer which is now on 
the market is the result of several years 
of intensive work. Each part was engi- 
neered to perform so that the over-all 
effect to the student is that of piloting 
an airplane in flight. 

“We don’t expect to teach students to 
fly in the trainer," said Mr. Crowell. 


"Obviously you can't learn to fly on the 
ground. The purpose of the trainer is 
to teach students to coordinate the 
movements of their hands and feet with 
the attitude they want in the airplane. 
If a student has 2 hr. or more of in- 
struction on the trainer before he goes 
into the air he can do what his instruc- 
tor tells him to do without conscious 
thought. If the instructor says, ‘Get 
your nose up’ the student’s reaction is 
prompt. When the student is told to do 
a climbing left turn, he knows how to 
tie in the movement of the stick and 
rudder. Students who have put in time 
in our trainer before beginning actual 
flight instruction feel at home in an 
airplane. They sit relaxed, grasp the 
stick lightly, and are able to absorb 
instruction rapidly.” 

Details of the Crowell Trainair are 
seen in the accompanying photographs. 
The machine is extremely sensitive. It 
is balanced so delicately that moving 
the stick forward, or back, whether or 
not the propeller is in operation, lowers 


There are several auxiliary instruc- 
tion aids in the trainer. The first is the 
use of safety belts. While the machine 
(Turn to page 122) 



John E. Crowell demonstrating his training 
machine to a group of students at the 
Academy of Aeronautics. The flight 
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FOR AMERICA’S DEFENSE 

Machinists in the making— quick to learn, eager . . . much 
of the future security of America depends on these young 
men who are building their success around the sound 
lesson of coordinated hand and mind. 


The skill of Wright’s thousands of "old timers” pains- 
takingly acquired through many years of service to the 
aviation industry, is being transfused into young America 
to give greater strength and new vitality to industrial 
progress and to National Defense. 

Wright Aeronautical Corporation, Paterson, New Jersey 
A Division of Cnrtiss-Wright Corporation 
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BOEING SCHOOL GRADS MAKE GOOD 

Today Boeing School Grads are making good in lop positions in 48 different or- 
ganizations. Last year the demand for Boeing School Grads was greater than 
the supply. Says Thos. B. Marshall, Director of Personnel, United Air Lines, 
“We look first to Boeing School of Aeronautics for our new employees.” This 
preference for Boeing School Grads indicates that their training meets the de- 
mands of modern aviation. 



THIS MODERN SCHOOL TRAINS YOU! 


itv equipment is also an outstautl- 
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speet Boeing School of A 



THIS COUPON BRINGS YOU COMPLETE INFORMATION! 

Filling in this coupon is your first step to a career in School has to ofTcr you. Mail coupon and the Boeing 
modern aviation. Read it carefully — sec what Boeing School descriptive booklet will be sent you at once. 


Boeing School of Aeronautics SusiitVtiriN^s 

ENROLLMENT PERIODS: MARCH, JUNE, SEPTEMBER, DECEMBER 

CAREER COURSES 
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Snoqo clearing Held at Des Moines Airport. No banks building up hero. 


It's not healthy to land 
a plane in a snowdrift. 
Here is one good method 
in keeping them clean. 

Winter 

Always Comes 


By H. A. Scribner n e Klauer Co. 


I T was an amazing thing to me that 
on inquiry, none of the major airlines 
could give figures or data as to the time 
lost by grounding due to snow. 

Airport men cannot be expected to 
know all about snow removal, but snow 
removal has been a study, and I mean 
a study, for years by highway depart- 
ments all over the country. 

Many types of plows are in service 
and with few exceptions every type of 
plow is suited to some particular type 
of snow condition. The design of plows 
didn’t “just grow” like Topsy either, 
but resulted from careful studies by 
engineers on the movement of blades 
of different contours at different speed 
through snows of different character. 

Experimentation by the airports has 
perhaps moved in novel directions, 
which is to be expected, but it is strange 
that this experimentation appears to 
have been dominated by the cost cutting 
motive rather than by a wish to do the 
best possible job, and it is strange that 
an industry that spends millions on its 
equipment, and in which safety is of 
paramount interest, should be so moti- 

There is only one absolutely safe 
landing area for a ship, and that is a 
clean runway. 

Four primary methods have been so 
far adopted or developed for making 
runways usable in snowy conditions. We 
won't say “clear” because some of them 
don’t clear. These may be classified as 
(1) Air blowing; (2) Rolling: (3) 
Plowing by Push Plow; (4) Plowing 
with a Rotary or "Blower Plow,” as 
our friends, the Canadians, call them. 

The air blowing method consists of 
using an airplane engine and propellor 
on some sort of vehicle for literally 


blasting the snow away by air force. 
Only under certain snow conditions has 
it ever been, or can it be, successful. 
That method can be forgotten at once. 

Next comes rolling. This method, due 
to its false claim of economy, has taken 
the attention of many airport operators. 
Let’s run through the requirements. Be- 
yond all question, the equipment has the 
desirable feature of being cheap. It con- 
sists of rollers made generally from cor- 
rugated iron pipe, ballasted either by 
bags or by other methods. These rollers 
generally are arranged in a triangular 
formation and dragged across the run- 
way to compact the snow. When condi- 
tions are ideal it does a good job and 
leaves a runway firm enough for ships 
to land on safely. But conditions are 
seldom ideal. In the first place the snow 
is si ill there, ready to cause trouble 
under subsequent conditions. The meth- 
od will not handle dry powdery snow, 
and it must be harrowed to thaw it suf- 
ficiently for compaction or a natural 
thaw from the heat of the earth must be 
waited for. If a sleety icy condition pre- 
vails, harrowing or dragging must 
again be resorted to, or compaction is 

When occasional thaws or spring 
thaws occur, the snow close to the 
ground melts first and it is possible for 
a surface crust to remain over pot holes, 
with no support below whatever. On 
some airports, snow compaction has 
been 15 in. or more. Such a hole would 
provide quite a drop for a landing ship, 
and could result in “prop” or engine 
damage or more. When thaws occur, 
additional time and expense must be in- 
vested in again harrowing the field and 
perhaps rerolling. 

Some claims are made for the via- 
bility of the runway when rolling, as 
the imprint of the roller leaves a shiny 
surface when viewed from the side to- 


ward the sun, and a dark surface when 
away from it. For viability there is 
no substitute, however, for a runway 
that has had the snow cleared com- 
pletely from it. 

Many fields arc using plowing. Some 
are doing the job with straight blades, 
either of the road maintainer type, or 
of the type that fits on the front of a 
truck or tractor. Others arc using the 
V-type, generally designed for primary 
highway clearance. 

These machines will remove the snow 
down to the surface of the runway and 
do a good job. They have, however, 
several outstanding faults from the 
standpoint of airport clearance. A high- 
way is relatively narrow, as compared 
with a runway. In handling snow of any 
depth over the wide area of 100 it. or 
more the push plow must spend hours in 
rehandling snow. The average width of 
a blade is 8 to 9 ft. That means 1 1 passes 
to every 100 ft. With a hypothetical 
problem, let’s just sec how much snow 
is in 1,000 ft. of runway. To make it 
simple, well take an inch of snow, 
though, of course, nobody would even 
bother to plow so little. Assume that the 
natural action of the plow did not throw 
it aside, but kept it in the front of the 
plow. At the end of 1,000 ft., using a 9 
ft, blade, you would have 750 cu.ft. of 
snow equal to a rectangle 10x10x74 ft- — 
enough to bury the plow. Compaction 
naturally takes place and actually the 
cubic contents of your load, depending 
on the density of the snow, would only 
be perhaps 300 to 350 cu.ft. On that basis 
with 1 ft. of snow, you would have 2,200 
to 4,500 cu.ft. at the end of your plow's 
run, depending again on the compaction. 

The action of'a plow naturally is such 
that the material is skidded or thrown 
to the side. This results in a continuous 
piling up of snow for the tractor or 
truck to rehandle, and the steady com- 


AVIATION, 





paction makes the load continuously 
heavier. Thus, in snow of any quantity, 
the final result is that the tractor must 
perform a series of hunching operations 
at right angles, and shove the snow di- 
rectly to the sides of the runway. Just 
visionalize how much backing and fill- 
ing this means in 1,000 ft. of runway 
with a 9 ft. blade. It figures out about 
112 times. Suppose, too, this has to be 
done over 50 ft or j of a runway 150 

two miles of distance as it must both go 
in and out over the 50 ft. Total this up 
on the full length of your runway. A 
medium tractor with an ordinary blade 
will open somewhere around two miles 
of road an hour in 6 to 8 in. of snow. 
From this you can arrive at costs and 
time required to clear your own fields 
under your own snow conditions. 

The V-type plow, of course, generates 
a throwing action and will toss the snow 
fairly well back, but not enough to avoid 
rehandling. 

It also has another disadvantage from 
the standpoint of airport clearance, and 
that lies in the fact that only one-half the 
plow is usable after the initial cut. 

As compaction builds up, there is a 
tendency, too, to force the plow out into 
the cleared area. 

Finally, when your runway is cleared, 
regardless of the type of plow, you find 
yourself with banks varying in height 
depending on the original depth of the 
snow and its density and with each suc- 
ceeding snow the runways become nar- 

Banks are often so high as to seriously 
endanger wing tips. They act, too, as 
traps for blown snow and are themselves 
blown down to drifts which again call 
for expensive rehandling and unfortu- 
nately they arc very likely to weather 
the short thaws and remain all winter as 
a continuous source of trouble and dan- 
ger through the entire season. 

Finally, we come to the rotary or 
auger type of plow. This machine picks 
up the snow and throws it to distances 
of 150 to 200 ft., depending on the wind, 
and scatters it over the unused areas of 
the field. These machines have for years 
been serving the highway department of 


the country, but due to their cost which, 
until recently, was high, the airports 
have not taken kindly to them in spite 
of the fact that their adaptability to air- 
port problems was far beyond that of 
any other type of machine. Even this is 
strange — that on the one hand, manu- 
facturers are willing to go to tremen- 
dous expense to develop machinery for 
saiety and better flying, and on the other 
hand these same manufacturers hesitate 
at a few thousand dollars to assure saiety 


Working ot night. 


Noto the sharp edge oi 


for expensive equipment during snowy 
conditions, when one washout would pay 
for a good rotary. 

Rotary plows today are priced to be in 
reach of every airport. Their advantages 
are many. For those not familiar with 
rotary or blower type plows, we'll pic- 

Thc business end consists of a row 
of three augers that carry the snow to 
a central opening in the plow itself. 
Here it is picked up by a high-powered 
fan and discharged at a high speed 
through a discharge spout. The plow is 
driven by its own engine through a 
transmission of many speeds. All con- 
trols arc in the cab and the discharge 
can be raised or lowered or moved to 
throw to either side at will. Two-way 
radio is easily installed and many of the 
plows in the west are so equipped. The 
units arc heated, equipped with light and 




Runways at Rentschlor Field. East Hartford, Conn., are clean and sharp ir 


carry enough fuel for 24 hours' oper- 

The beauty of the rotary plow lies 
in the fact that it does the job once and 
for all. No snow worth mentioning is 
left on the runway to thaw and freeze 
into dangerous ruts or pot holes. Edges 
are sharp and clean cut, free from banks 
that continually grow higher with each 
succeeding snowfall and often remain 
until spring, regardless of other thaws. 
There is no tendency for the runway to 
narrow down with each new snowfall 
accumulation as with push plows, which, 
unable to get the snow beyond the frozen 
edges, must pile it ever higher and 
higher to the danger of all concerned. 

The rotary plow moves back and forth 
the length of each runway, throwing the 
snow into the unused areas of the field 
without any of the delays or waste of 
fuel that comes with rehandling. 

The quality or character of the snow 
does not affect operation. Wet, or ice- 
laden snow, is handled with the same 

Where desired, a loading device is 
provided, and on some airports the prac- 
tice has been to windrow the snow and 
then load it into trucks and get it out 
of the way completely. 

Loading mechanism can be removed 
from the machine. However, the mech- 
anism is so flexible that snow can be 
thrown to either side without its re- 

Rotary snow plows come in a range 
of sizes from the lj-ton Marmon-Her- 
rington four-wheel drive Ford conver- 
sion job to the largest four-wheel drive 
type of truck. 

After the snow season the snow col- 
lector and power unit can be removed 
and the truck is available for other 
purposes. 

Rentschler Field, at East Hartford, 
Conn,, is among the oldest users of the 
rotary plow for airport service. Mr. 
Whelan has had much experience in 
airport operation, and points out that 
they have tried many methods for 
handling snow, including rolling. He 
says, however, that the rotary plow is 
the first method that has done a really 
satisfactory job. 

Winter always comes, and if we are 
to have all-year flying we must have 
winter flying, and to make winter flying 
sate, too good a job can't be done. Proper 
snow clearance can be turned to an 
advertising asset that commercial trans- 
port companies could also take advan- 
tage of. While the fear of winter flying 
has been fast decreasing, there are, be- 
yond any doubt, people that will not fly 
in the winter months. To show these 
people that the modern airport is really 
cleared by modern equipment will go a 
long way toward improving the winter 
state of mind and the state of mind on 
flying in general. 
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NEWLY DESIGNED 

PIPER COUPE 


W HILE the external design of the 
Piper Coupe remains much the 

in design detail and equipment have 
been included in the 1941 version. 
Most significant announcement is the 
fact that the Coupe (as well as the 
Cruiser) has been equipped with an 
engine starter as a standard item. 





extending through the fuselage to the 
tail post. To start the engine the pilot 
winds a removable crank, in the instru- 
ment panel, twenty to thirty turns, then 

photograph and drawing ) it is engaged 
with the engine, giving it two com- 
plete revolutions. Incidentally the whole 
starter mechanism weighs only ten 

The interior of the ship has been 
completely re-styled. As standard 
equipment, a custom built radio by RCA 
is mounted on the right side of the 
instrument panel, with the only parts 
visible being the dial band and the two 
turning knobs. A custom built trans- 
mitter is available for installing in 
one of the two glove compartments on 
cither side of the instrument panel. 
The tachometer, oil and temperature 
gages are one integral instrument while 

above the panel. Altimeter and air- 
speed complete the group of standard 
instruments. 

For additional electrical current, a 
wind driven generator is included and 
installed between the landing gear. 
This apparatus was custom built tor 
the coupe, with a charge indicator on 

slat to control the rate of charge. Navi- 
gation lights and battery- are also in- 

Performance has been increased with 
the installation of the Continental 75 
hp. motor. It cruises near 100 mph. 
and lauds less than 40 mph. Cruising 
range is 500 miles with a gas tank of 
25 gallons. 


The 


Piper coupe. 





THE CROSS-ROAD’S ANSWER TO AIRCRAFT BUILDERS — 

. . . plastic-bonded molded veneer. . . is the smooth i cay to build 
aircraft and aircraft parts. /7f^U'-// / 7"7/' smooths out production problems. 
Aircraft manufacturers are invited to confer with our engineers toward convert- 
ing metal components for fabrication by the proved /Tf/meTTfot&f process. 


BRISTOL AIRCRAFT CORPORATION BRISTOL, VIRGINIA 

Manufacturers of Molded Aircraft Parts under llic Vidal Process 




THE MITSUBISHI MC-20 
JAPANESE TRANSPORT 


With the current interest in commercial versus military 
priority in aircraft it is interesting to note what 
developments in design are taking place in Japan 

By Paul H. Wilkinson, Consultant. Diesel Aviation 


A LTHOUGH most of the passenger- 
carrying: airplanes used by Japan 
Airways and its associated companies 
in the Orient are of American origin, 
recently there has been a concerted ef- 
fort on the part of some of the leading 
Japanese manufacturers to design and 
build their own equipment. One of the 
most interesting airliners which has 
been produced to Japanese designs is 
the Mitsubishi MC-20. Details of this 
new twin-engined plane which have 
just been received disclose that its en- 
gines also are of Japanese design and 
manufacture. Furthermore, it is under- 
stood that the MC-20 is to be manu- 
factured for export as well as for do- 

Primarily. the Mitsubishi MC-20 has 
been designed for long-range trans- 
portation of passengers, mail and ex- 
press. As its take-off requires a run 
of 545 yd. it can use fairly small air- 
ports. Its normal range of 1.240 miles 
and maximum range of 1,865 miles en- 
able it to undertake flights of consider- 
able length without landing. Its maxi- 
mum speed of 266 m.p.h.. its cruising 
speed of 195 m.p.h.. its landing speed 
of 75 m.p.h. and its service ceiling of 
23,000 ft. place it in the same category 
as contemporary American and Euro- 
pean airplanes. 

In construction, the Mitsubishi MC- 
20 conforms with modern all-metal air- 
plane practice. The fuselage is 5 ft. 
6 in. wide and accommodates 11 
passengers in comfortable armchair 
scats. To the rear of the passengers’ 


cabin is a lavatory and a baggage com- 
partment. The pilots’ compartment in 
the nose accommodates a crew of four 
comprising a pilot, a co-pilot, a radio 
operator and a navigator. Complete 
instruments are carried including an 
automatic pilot and a direction tinder. 
Mail and express up to 660 lb. in weight 
are carried in compartments in the nose 
and behind the passengers' cabin. 

The wings arc of full cantilever 

tions. The center section attached to 
the underneath side of the fuselage is 
relatively short and the two outer sec- 
tions carry the two-engine nacelles as 
on the well-known Junkers Ju 86 air- 
plane. The tail surfaces are also of 
cantilever construction and the rudder 
and elevators arc provided with trim- 
ming tabs. The landing gear is hy- 
draulically operated and retracts for- 
ward up into the engine nacelles. 


The wing span of the Mitsubishi 
MC-20 is 74 ft. 0 in. and its overall 
length is 52 ft. 9 in. Its height is 16 
ft. 2 in. The total area of its wing 
surfaces including the underneath side 
of the fuselage is 755 sq.ft. The wing 
chord at the root is 15 ft. 1 in. and at 
the tip it is 4 ft. 9 in. The dihedral 
angle of the outer sections of the wings 
is 7 deg. and the sweep back is 10 deg. 

The power plants comprise two 14- 
cylinder Mitsubishi Kinsei air-cooled 
radials which have a take-off rating of 
1.040 hp. each and a normal rating of 
850 hp. The engines are supercharged 
and give the airplane a good perform- 
ance at a cruising altitude of 7.000 ft. 
XACA cowlings are used around the 
engines and the latter arc equipped with 
electric starters. Three-bladed propel- 
lers 10 ft. 6 in. in diameter are standard 
equipment. 
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The map at the left shows 
the extensive routes now 
being flown by Japan Air- 


of inestimable military 



reach as far north as Sapporo on the 
island of Hokkaido, west to Mukden, 
Peking and Shanghai, and south to the 
island of Taiwan (Formosa). 

Most of the equipment used on the 
main air routes consists of Douglas 
DC-3 twin-engined airliners. Single- 
engine Beechcraft and other American 
and European airplanes are used on the 
local routes. As an example of the 
time saved by using air transportation, 
it takes 2 days by boat from Tokyo to 
Kiezyo (Seoul) in Tyosen (Korea) but 

air mail from Tokyo to Osaka is flown 
over the 353 miles separating the two 
cities in less than 90 minutes. In time 
it is hoped to have an air route between 
Tokyo and Guam which will save con- 
siderable time between Japan and the 
United States. 


The weight empty of the Mitsubishi 
MC-20 is 1 1,900 lb. and its gross weight 
is 18,300 lb. Included in the useful 
weight oi 6,400 lb. are 2,710 lb. of gaso- 
line and 220 lb. of lubricating oil. The 
payload comprising 11 passengers and 
mail and express weighs 2,360 lb. This 
gives the airplane a wing loading of 
24.2 lb. per sq.in. and a power loading 
of 8.8 lb. per hp. A maximum gross 
weight of 19.750 lb. is permissible which 
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74 ft 0 in. 
52 ft. 9 in. 
16 ft. 2 In. 
755 sq. ft 
11,900 lb. 
6,400 lb. 
18,300 lb. 
266 m.p.h. 
193 m.p.h. 


includes 4,080 lb. of gasoline and 310 
lb. of lubricating oil. The range oi 
the airplane is then increased to 1,865 

It is understood that arrangements 
have been made for the Mitsubishi 
MC-20 to be manufactured in consider- 
able quantities for export as well as for 

Considerable progress has been made 
in civil aviation in Japan during the 
past two or three years. Part of this 
progress can be attributed to Japan’s 
policy of keeping up with the times and 
developing civil aviation to the limit. 
Part of it is due to the hostilities in 
the Orient and the need for rapid trans- 
portation of supplies and mail. 

Japan Airways, or Dai-Xippon Air- 
ways Company, operates in conjunction 
with the Manehoukuo Aviation Com- 
pany and the China Airways Company 
an extensive network of airlines stretch- 
ing over the Japanese Empire, Man- 
choukuo and North China. All three 
companies are under the control of the 
Japanese Bureau of Civil Aviation. 
Kadiatim? from Tokyo, their air routes 
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The Stinson Voyager 

A 90 Horsepower Three-Place Light Plane 






SPEED — the very essence of the growth of air travel. Speed- often the vital difference between life and 
death in a fighter. Speed-lhat allows a peace time transport to be transformed into a famous bomber. 

"Lockheed engineered” stands for that kind of speed. And it’s good business when you realize that 
greater speed permits longer flights during daylight. . .cuts working time of flying personnel ... allows more 
revenue miles per flying hour... and more miles between overhauls. 


But just speed is not enough! It’s speed with dependability... speed with all ’round performance... and 
speed with economy that has made Lockheed commercial transports, the nation’s fastest, famous the world 
over. And now from that great reservoir of experience in "engineering for speed” has come the Lockheed 
P38, a fighter in that distinguished 400 mile per hour class... and a capable defender of democracy. 



Speed with safely is a Lockheed creed! Thai’s why the most 
effective, high-lift device known in modern aviation ... the 
Fowler Flap, was adopted and developed, then installed on fast 
Lockheed transports and military airplanes. The above illus- 
tration shows one of the flaps in extended position for landing. 


It still lakes a Lockheed lo heat a Lockheed! In 1938 a standard 
Lockheed 14 shattered all records for transport airplanes, by fly- 
ing across the continent in 10 hours, 33 minutes and 59 seconds. 
On November 2, 1940 a newer Lockheed, the Lodestar, clipped 1 
hour, 4 minutes and 20 seconds from this unchallenged record. 


LOCKHEED AIRCRAFT CORPORA T I O 


BURBANK, CALIFORNIA 


LOOK 




FOR LEADERSHIP 



Research looks ahead! In the laboratory and in sixteen 
field test stations stretching from Point Judith, K. I., to 
Pitcairn Island in the South Seas. Alcoa Aluminum 
Alloys are at work. Here they are exposed to the punisli- 
ing atmospheric conditions encountered by metalsat these 
various location! 

k DEFENSE comes first 

!. of die National 


T . —a—* 
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he more Aluminum amtlam 
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ID meet the National emergency. 


part of a long estab- 
lished and continu- 
ous Alcoa research 


ileavor to seek the precise answer to the question 
which is asked so often: "How will this Aluminum 
Alloy perform there?" Knowing this, we can key our 
development of aircraft alloys, protective processes 
and construction details to the exact requirements 
of the aviation industry. 

The knowledge gained is available to all designers, 
builders and maintainers of aircraft. It will enable them 
to obtain the long and satisfactory service of which 
Aluminum Alloys arc capable. Aluminum Company ok 
Am URIC a, 2182 Gulf Building. Pittsburgh, Pennsylvania. 


ALCOA-ALUMINUM 
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Aviation's Battle of Production 


By Selig Altschul 


W HILE airplane production holds 
the spotlight in our rearmament 
effort, aircraft stocks continue to per- 
form in desultory fashion. 

Such market behavior merely re- 
flects the many uncertainties facing the 
industry today. Judged by normal 
standards, the aircraft builders should 
have a highly encouraging outlook. A 
record year of production was com- 
pleted during 1940, registering a gain 
of 180 per cent in dollar sales over 
1939. The industry’s backlog at the 
outset of 1941— estimated at about $3,- 
500,000,000, compared with a total of 
$675,000,000 a year earlier, and $175,- 
000,000 two years ago. Ordinarily such 
growth manifestations would find an 
instantaneous response on the part of 
the investing public. 

However, these are no ordinary times. 
While fears of complete nationalization 
of the aircraft industry may have sub- 
sided somewhat, this bogey is not com- 
pletely inanimate. Moreover, the fact 
remains that the government has the 
most important stake in the aircraft in- 
dustry today. Financing new assembly 
plants and the application of a guaran- 
teed bankable-contract to facilitate ex- 
pansions of existing facilities have 
vested the federal authorities with new 
powers of control. More importantly, 
the prerogative to award contracts is in 
itself a potent force in the control of 
the aircraft industry. 

The aircraft manufacturers now have 
virtually but one customer — the United 
States Government. No longer can for- 
eign markets be sold on a profitable 
basis. As indicated in these columns a 
few months ago, the policy of greater 
aid to Britain has finally reached the 
stage where for all practical purposes 
England will no longer place the actual 
orders. The provisions of the “lease- 
lend" bill would translate into tangible 
action the previously announced admin- 
istration intention to turn over to the 
“defenders of democracy" all imple- 
ments of war. 

Aircraft and other armament appro- 
priations as contained in the “regular” 
budget as submitted to Congress for 
the next fiscal year no longer carry 
the same implications they once did. 
While a record total of $10,s00,000,000 
was itemized for national defense, only 
$460,000,000 was indicated for new 
Army plane orders — a decline from the 
previous year. Supplementary appro- 
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priations, however, appear in the offing. 
The War Department is reported as 
seeking an additional $2,000,000,000 
with which to purchase about 15,000 
planes. Even this additional program 
may fail to meet new demands. No indi- 
cation is given as to the extent of planes 
to be “loaned" England. 

It may be a safe assertion that the 
power to produce will be the only limit 
to defense spending for aircraft and 
other armaments. 

On the assumption that private air- 
craft firms will continue to operate their 
plants either as owners, or, in the case 
of the new assembly plants, as agents of 
the government — and we are willing to 
make that assumption — the key to satis- 
factory results will lie in the profit mar- 
gins prevailing on the production vol- 
ume to be manufactured during the 
coming period. 

While profits for the year 1940 at- 
tained record levels the gain in the 
balance remaining for stockholders was 
not so great as that in sales — largely 
because of increased taxes and the loss 
in efficiency due to plant expansions and 
other factors. The year 1940 probably 
represented the most opportune year for 
the industry to record substantial profit 
margins as deliveries were made in 
volume on profitable foreign contracts. 
While it is anticipated that sales on 
original foreign business will continue 
in volume during the present year, that 
type of backlog will be but a passing 
fancy to the discerning investor who 
sees the rapidly mounting U. S. govern- 
ment awards representing low profit- 
margin deliveries in the not-too-distant 

It appears fairly conclusive that high 
profit-margins arc rapidly becoming a 


thing of the past wherever it may have 
existed in the aircraft industry. What 
then of the productive capacity of the 
aircraft builders? The industry was 
not, and is not today, prepared to handle 
its bulging backlog of orders. An ex- 
pansion program, unparalleled in Amer- 
ican industrial enterprise, had to be 
undertaken. It was partly because of 
this expansion and the addition of large 
numbers of new and untrained work- 
ers, that manufacturing efficiency was 
impaired thus contributing to the cur- 
tailment of profits last year. 

Expansion has not been confined to 
the aircraft builders. Extensive sub- 
contracting has enlarged the productive 
capacity of the industry even further. 
The building of parts and sub-assemblies 
by the automobile and other industries 
is expected to play an important part 
in future aircraft production. 

The widespread application of sub- 
contracting in the aircraft industry has 
another interesting aspect. As the air- 
craft builders “farm out” segments of 
their ever-mounting awards, important 
dilutions are being made in their re- 
ported backlog of orders. In other 
words, for all practical purposes, stated 
backlogs of the primary aircraft build- 
ers no longer present a true picture of 
the business to be directly produced. 
Moreover, sub-contracting is believed 
to be an expensive operation resulting 
in reduced profit margins for the air- 
craft manufacturers. 

The demand for expansion of pro- 
ductive facilities is so great, however, 
that insistence upon further sub-con- 
tracting will probably continue. Inter- 
estingly enough, many of the small 
factories now outside the pall of defense 
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I T IS an international tradition that the United States leads the world in the 
production of fine machinery. This enviable American accomplishment may 
be attributed to efficient management, capable engineering and modem machine 
tools. We take pride in presenting the new Series "S” South Bend Lathe for 1941 — 
our contribution to American Industry — a modem machine tool. 





SOUTH BEND LATHE WORK! 
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Dialing the Air Waves with Don Fink 



New U-H-F 
Airport Transmitters 

Developed primarily for airport traffic 
control, but useful in a variety of u-h-f 
communications services are three new 
transmitters recently announced by the 
Radio Receptor Corp. of New York. 
Types 427 and 427A are 50-watt out- 
put units, covering the range front 
128 to 132 and 140 to 144 Me respec- 
tively, with frequency stability of plus 
or minus 0.01 per cent. These trans- 
mitters employ a 6F6 crystal oscillator, 
two 6N7's and an 832 as frequency 
multipliers, and an 829 as final r-f 
amplifier. A 6SC7 acts as input audio 
amplifier followed by 4 6L6 modulators. 
A 6H6 diode acts as a monitor tube. 
Input power from the power line is 
500 watts at 60 cps, 110-120 volts. The 
audio frequency response is flat from 
100 to 4000 cps., with 5 per cent dis- 
tortion. 

The power output of the type 428 is 
125 watts, over the range 128 to 132 



Top view of the RTA-1 


Me, with the same frequency stability 
and audio specifications as the type 427. 
The power input is 1300 watts. The 
r-f tube line-up is the same as the 
type 427 except that a final r-f amplifier 
employing two 75T tubes follows the 
type 829 intermediate amplifier. The 
audio system employs the same audio 
input tube, but uses two type 811 
modulators driven by four 6F6 pen- 
todes. Voltage regulator tubes, type 
VR-150-30, are used in all three models 
to assist in maintaining frequency sta- 
bility. Tuned circuits of the trans- 
mission-line type are used in the final 
amplifiers, and relays are employed to 
assist in starting the transmitter with- 
out injuring tubes due to inadequate 
filament heating time. The cabinets in 
which the transmitters are mounted are 
37J inches high, 18 inches deep, 25} 
inches wide for model 427, 514 inches 
wide for model 428. 

Arince-Bendix Airline 
Transmitter-Receiver 

The Bcndix Radio Corp. of Balti- 
more has released details on the model 
RTA-1 airline transmitter and receiver 
designed cooperatively by airline engi- 
neers working through Aeronautical 
Radio, Inc. This equipment is of par- 
ticular interest because, under the terms 
of the contract between Bendix and 
Arince, engineers of both organiza- 
tions consulted cooperatively with air- 
line engineers to produce the final de- 
sign. The transmitter is a ten-channel 
50-watt radio-telephone, covering the 
range from 2500 to 13,000 kc. capable 
of full power output, 100 per cent 
modulated, over the entire frequency 
range. Motor driven selection of the 
various channels is ordinarily employed, 
7 seconds or less being required to 
complete any channel shift (less than 
one second between immediately adja- 
cent channels). The channels may also 
be shifted manually by a hand-crank 
in the event of a failure in the motor 
system. Frequency control, by quartz 
plates, is stable within 3 cps. per mil- 
lion per degree centigrade. The power 
requirement at 100 per cent modulation 
is 462 watts, 12.5 volts at 37 amperes, 
or 25 volts at 18.5 amperes. 


The audio frequency system covers 
the requirements of voice intelligibility, 
500 to 3000 cps. within plus or minus 
3 db., distortion less than 10 per cent, 
0.3 volts audio input across 100 ohms 
being sufficient to produce full modu- 
lation. The tube line-up consists en- 
tirely of beam-power tetrode amplifiers: 
a 6L6 crystal oscillator, two 807 r-f 
amplifiers, two 807 modulators, and a 
6V6 speech amplifier. The 6L6 oscil- 
lator also serves as a heterodyne oscil- 
lator for the associated receiver. The 
transmitter operation is indicated by a 
meter on the panel, which is connected 
by a rotary switch to indicate six dif- 
ferent voltages and currents: oscillator 
plate current, p.a. grid current, p.a. 
plate current, modulator plate current, 
filament voltage and receiver high volt- 

The associated receiver, mounted in 
the same housing with the transmitter, 
offers ten channels tuned simultaneously, 
by the motor drive, with the transmitter 
channel selector. The tuned circuits 
are mounted on an easilv-rcmovable 
rotating turret. The sensitivity is two 
microvolts at 4-to-l signal-to-noise ratio 
over the frequency range from 2500 
to 13,000 kc. Selectivity is 5 db. down 
at 44 kc., 60 db. down at 18 kc. 
I-f and image rejections are all better 
than 60 db. The audio characteristics 
are approximately the same as those 
of the transmitter, plus or minus 3 
db. from 350 to 2500 cps. Power out- 
put of 300 milliwatts is available from 
the 500-ohm output. 

An over-voltage limiting device placed 
in the initial r-f stage permits recep- 
tion with high inputs. 

RCA Announces Rotatable Loop 

A rotatable loop antenna, for use 
with any conventional aircraft receiver, 
has been announced by the RCA Man- 
ufacturing Company under the type 
numbers AVA-56 and AVA-56A. The 

loop is a standard balanced-winding 
shielded assembly weighing slightly 
under 5 lb., 12 inches in diameter, and 
fitted with any of three types of re- 
mote rotating controls. The model 
AVA-56 is supplied with a locally- 
controlled fixed extension shaft, either 
10 or 30 inches long, whereas AVA- 
56A is controlled by a flexible shaft 
with hand crank and azimuth indicator. 
The inductance of the loop is 40 micro- 
heneries, its capacitance 20 micromicro- 
farads. Auxiliary kits consisting of 
antenna coil, loop compensating coil, 
loop relay and loop capacitor are avail- 
able to permit its use on the long wave 
band, or on the broadcast band. The 
loops are specifically designed for the 
AVR-7 series receivers, but are readily 
adaptable to other receivers of similar 
sensitivity. 
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BUYER S LOG BOOK 

What's New in Accessories. Materials, Supplies, and Equipment 


What goes on in your stockroom? Stackbin Corp., Providence, R. I., offer to 
strengthen the “weak spots” in stockroom storage and handling with their Stack- 
bins-in-Stackracks. Jig, fixture and die parts may be kept handy in individual, 
hopper-fronted bins which slide like drawers into individual racks. Stackracks, 
built of channel and formed steel in sizes to take boxes, automatically lock 
together to form a strong, rigid structure of any size and shape. Stackbins not 
only take less space and bring parts nearer the workman’s hands, but replace 
open pans in assembly work and are ideal for laying out work in toolmaking. 
Standard sizes of the bins range from 3Jx6x3J in. to 15x24x11 in.; any other 
size can be furnished in 14 to 20 gauge as desired. — Aviation - , March, 1941. 



'‘Innards” of castings and welded parts can be radiographed with the truck- 
mounted X-ray machine of General Electric Co., Schenectady, N. Y. With this 
model OX-220 concealed flaws in metal can be detected before machining opera- 
tions begin. The machine is rated at 75 to 220 kilovolts peak at 10 nia. It is 
completely shockproof, all high voltage equipment, including x-ray tube and 
transformer, being oil-immersed in grounded metal case. Control panel is 
mounted in lead-lined booth to protect operator. The machine weighs 7,000 lb. 
and its rays will penetrate about 3J in. in steel. — Aviation, March, 1941. 

Featuring a colored sector dial and precision movement with Tobin bronze 
bushings and monel metal pivots to reduce bearing wear to a minimum, a new 
oil temperature gage is offered by the Air-Safe Instrument Co., Los Angeles, 
Calif. Available in four models with Centigrade or Fahrenheit reading scales 
and 6 or 12 ft. capillary tubes, the Air-Safe oil temperature gage is mounted in 
a standard AN size case with 1J in. diameter dial. The colored sector feature 
is mounted around the rim, separate from the dial proper. This provides the 
pilot with maximum speed of instrument interpretation, as a single glance will 
tell if the needle is in the operating range or in the danger zone, and detailed 
reading is usually unnecessary. — Aviation, March, 1941. 


Stackbin Corp.'s Stackbins-in-Stackracks 



A new aluminum ladder, designed to increase speed and safety in refueling large 
passenger planes, has been introduced by the Aluminum Ladder Co., Tarenlum, 
Pa. Made entirely from Alcoa aluminum alloy 61 ST, it is extremely light, yet 
strong enough to support the heaviest workman. Non-sparking, it will never rust 
or otherwise deteriorate. Rungs are of '] in. round corrugated aluminum, with 
a top step made from aluminum Ireadplatc, 7Jxl2^ in., to prevent workmen’s 
shoes from touching the wing surface. Suitable lengths will be supplied for 

different types of planes. — Aviation, March, 1941. 

Latest thing in armorplate for aircraft is the new lightweight "Colalloy Armor- 
plate” reported by Colonial Alloys Co., Philadelphia, Pa. Weighing about i that 
of steel of the same size and thickness, “Colalloy Armorplate” has a surface 
hardness ranging up to 1000 Brinell and is not brittle. It is said to resist pene- 
tration caused by frictional heat, having a rate of heat dispersion several times 
greater than steel, a glossy smooth, corrosion-resistant surface, and a marked 
tendency to resist ice formation. Heat treating or expensive equipment are 
unnecessary for the material which can be supplied in many forms. — Aviation. 
March, 1941. 

With millions of square feet of new factory space being added to aircraft 
production facilities, equipment such as the new Roto Sweeper developed by 
the Ideal Power Lawn Mower Co., Lansing, Mich., is sure to meet with wide 
acceptance. The Ideal Roto Sweeper assures better and quicker work than 
several men with hand brushes or brooms, sweeping an average of 36,000 sq. ft. 
of- floor area per hour. The sweeper works equally well on concrete, wood, tile, 
brick, or asphalt floors. It picks up dirt, dust, sand, gravel, iron filings, borings, 
chips, cinder, paper or commercial sweeping compound. A sprinkler is pro- 
vided to keep the brush bristles moist and prevent raising of any objectionable 
amount of dust. Power is supplied by a small gasoline engine. For long stretches 
of straight sweeping a riding trailer may be provided for the operator, materially 
speeding his work. — Aviation, March, 1941. 
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Fumbling fingers are eliminated on power screw driving operations by the 
Thor "Pix-Up" Finder and Adjusto-Tray designed for use with all Thor 
portable power screw drivers, pneumatic and electric, manufactured by the 
Independent Pneumatic Tool Co., Chicago, III. The Adjusto-Tray is a screw- 
holding tray with a series of longitudinal slots in the bottoms. A quantity of 
screws placed in the tray is quickly shaken into position in the slots. Then a 
power screwdriver equipped with the “Pix-Up” Finder is placed over a screw 
head and pressed down so that the Finder grasps the screw head as the tray is 
depressed slightly. The operation is entirely mechanical. Application of the 
equipment to certain aircraft assembly operations has increased production from 
three to nine times over previous hand methods of starting screws. — Aviation, 
March, 1941. 


A new two-way portable radio is announced by Lear Avia, Inc., Dayton, Ohio. 
Designated as model TRM-204, the unit provides a definite means of communica- 
tion between ground station and aircraft in flight. The transmitter, master oscil- 
lator type, has an output of 10 watts in the 3000-6000 Res. bands into an optimum 
antenna. Any frequency within the transmitter’s range may be crystal controlled 
by an externally attachable crystal. The power supply unit for both transmitter 
and receiver is a special type dynamotor housed in the bottom of the carrying 
case, measuring 12x6Jxl2J inches. Weight of entire unit, including all acces- 
sories except the storage battery, is 20 lb. 15 oz. — Aviation, March, 1941. 


A quick-acting band clamp which has proved highly satisfactory for pulling 
skin section tight to the frames of aircraft fuselage assemblies is offered by The 
Wetzler Clamp Co., Long Island City, N. Y. Used in conjunction with 2-in. 
canvas bands, these clamps are widely applicable to aircraft assembly operations 
both of wood and metal. The clamps pull metal parts in place for riveting, and 
may be used in place of individual clamps for many wood gluing operations. — 
Aviation, March, 1941. 


Looking like an automobile spotlight, and weighing only 4J lb„ the new port- 
able lantern developed by the Burgess Battery Co., Chicago, 111., has 180,000 cp. 
The light was designed for emergency uses where safe, bright lighting is 
required. In a novel test conducted by two pilots, the light was seen from a 
distance of 55 miles; at 100 ft. it has 18 foot candles, which is equal to the 
average office illumination. — Aviation, March, 1941. 


Greater earth-moving capacity is claimed for the new Model “AD” Motor 
Grader made by Allis-Chalmers Mfg. Co., Milwaukee, Wis. With the pressing 
need for additional airports, this 21,500 lb. model is said to have more power 
and greater capacity than any other motor grader; just the machine where a 
quick grading job is required. The Model “AD” is powered by a 75 hp. 2-cyde 
Diesel having a power stroke on every down stroke of the piston, thus delivering 
as much power as a 4-cycle engine twice its size. The full volume of dirt is 
permitted to roll off the blade without hanging up under the front axle and 
circle through an exclusive feature, the “Hi-arch” front axle with 22 in. clearance. 
The grader has a range of six forward and three reverse speeds, and with 
throttle control forward speeds from 1.48 to 16.6 m.p.h. and reverse speeds 
from 1.75 to 6.15 m.p.h. can be selected at will.— Aviation, March. 1941. 



Allis-Chalmers Motor Grader 






Especially designed for light aircraft use, a new radio receiver has just been 
placed on the market by Harvey-Wells Communications Inc., of Southbridge, 
Mass. Said to incorporate the latest advances in aircraft radio engineering, the 
design is based functionally on actual requirements of private aviation as found 
through flying experiences of Harvey-Wells personnel. This compact model, 
Type AR-2-A, 4-tube receiver weighs only 9 lb. complete with heavy duty 
batteries, battery case, cables and headphones. The receiver cabinet measures 
only 6x4$x4 in. and is furnished with Universal shock mountings so that it may 
be mounted in any number of positions in the ship. — Aviation, March, 1941. 

A new midget positive pressure pump has been announced by Eastern Engineer- 
ing Co., New Haven, Conn., makers of a growing line of midget-size pumps. 
Useful for any application in which location of tanks and containers make self- 
priming essential, the new pump, designated Eastern Model “UT”, has a maxi- 
mum pressure of 35 lb. p.s.i. and a maximum volume of 3 gal. per min. Of 
rotary type, it is 6x3x2$ in. and weighs 3$ lb. Power is supplied by a Universal 
fan-cooled motor operating on a.c. or d.c. Its light weight and small size make 
it particularly adaptable to all installations requiring the pumping of thin liquids 
where weight and space involved must be kept at a minimum. — Aviation, 
March, 1941. 

One of the most interesting of recent developments for speeding up aircraft 
production is a new process called Photo Sensitized Metal made by Republic 
Engineering Products, Inc., 480 Lexington Ave., N.Y.C. This new, sensitized, 
aluminum-base metal is said to be safer and more convenient than paper or doth 
in the shop, and ideal for making exact copies of photographic plates and instruc- 
tion sheets. The usual steps of development and fixation following the processing 
of ordinary film is recommended. Distortion, due to unequal expansion and con- 
traction commonly present in sensitized film, paper or tracing cloth, is entirely 
eliminated. Sizes up to 5x10 ft. can be supplied on special order. — Aviation, 
March, 1941. 

Timers and chronographs are always useful in aviation and when an instrument 
performs four important functions it assumes the nature of indispensability. The 
new double-button Multichron, Style No. 230/7B, recently introduced by Jules 
Racine & Co., 20 W. 47th St., N.Y.C., can be used as a timer, watch, tachometer, 
and a telemeter to indicate distance of light and sound. Equipped with a 45 min. 
register, the new 2-btitton model affords a time-out feature. Pressure on one 
button consecutively starts, stops and again starts the sweep-second hand. Pres- 
sure on the other button brings the sweep hand back to zero. The mechanism 
is a 15-jewel Gallet movement. — Aviation, March, 1941. 

A bright future seems to be in store for plastics, which is rapidly becoming a 
major industry. Latest development is the perfection of a new process for making 
plastic molding, strip and tubing rods in continuous lengths. Detroit Macoid 
Corp., Detroit, Mich., in announcing the new method, report that their extruded 
plastics are obtainable in a wide assortment of colors in either opaque, translucent 
or transparent forms, Advantages claimed for the Detroit Macoid process are 
economy, smooth lustrous finish, low heat conductivity, and imperviousness to 
changing climatic conditions. — Aviation, March, 1941. 

Two new additions to its "Multi-vane” drill line — sizes 00 and 0— have been 
announced by Ingersoll-Rand Co., Phillipsburg, N. J. Extremely light, ranging 
from 1$ to 2\ lb., numerous attachments can be furnished to adapt these tools 







Ingersoll-Rand "Multl-vane'' drill 
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or light screw driving, nut running, close-quarter drilling, wire brushing, sand- 
ng, etc. Straight, lever throttle, or pistol-grip handles are available. — Aviation, 
larch, 1941. 


To hammer out the wrinkles in National Defense, Seidcn Pneumatic Tool Co., 
Jackson, Mich., are manufacturing model SFH18-12, smallest of a series of 
pneumatic planishing hammers. A high speed machine for finishing sheet struc- 
tural shapes, this hammer also makes an efficient riveter for light riveting by 
installing the proper shaped dies. Having a speed varying from 4- to 8000 
oscillations per min., its stroke can be adjusted from a feather touch to a blow 
heavy enough to shape and form 18 gage steel. A foot control permits the 
operator to start and stop the hammer instantly ; power and speed control valves 
are located directly over the cylinder. An important feature lies in the fact 
that the hammer bracket and die support bracket can be raised or lowered to 
meet operators requirements. — Aviation, March, 1941. 


How to get into a tight corner is illustrated by Blue Point special production 
drills made by Snap-on Tools Corp., Kenosha, Wis. These light, compact, all 
ball-bearing tools of ft to $ in. drilling capacity have an overall length of 7$ in. 
and a body diameter of 3ft in. A grip handle is centered below the body of the 
tool for easy handling. Helical gears are precisioned machined for quiet opera- 
tion and long life; motors are universal for d.c. or a.c. up to 60 cycles, with a 
full load speed of 2100 r.p.m. for the ft in. drill and 1300 for the $ in. drill. 
Special speeds and voltages are also available. — Aviation, March, 1941. 


A light and simple hydraulic system for the operation of airplane equipment, 
such as flaps and landing gear, is manufactured by the Dowty Equipment Corp., 
Long Island City, N. Y. Called the Dowty "Liveline” engine driven pump, the 
unit is designed to incorporate its own pressure regulator and can develop high 
operating pressures, a combination which is said to make it of particular value 
for pursuit ships. — Aviation, March, 1941. 


Newest arrival in the family of streamline continuous Blueprinting Machines, 
made by C. F. Pease Co., Chicago, 111., is model “22-16”. This combination 
consists of a model "22" Printer in conjunction with a model “16” Washer and 
Dryer. The "22-16” produces uniform, contrasty prints with clean-cut, sharp 
lines at exceptionally low cost per sq. ft. — A viation, March, 1941. 



Addition of a new power squaring shear, No. KL-18, having an 18-foot cutting 
length and capacity of ft in. mild steel is announced by Niagara Machine & 
Tool Works, Buffalo, N. Y. Equipped with a quick-setting, self-measuring, 
ball-bearing, parallel back gage, adjustable to increments of 1/128 inch, the 
shear is controlled by means of a 14 point clutch operating in a bath of oil. 
All gear drives are mounted on anti-friction bearings, and enclosed in oil-tight 
case. Toggle operated, independent spring pressure foot hold-down provides a 
smooth and firm grip on sheets of varying lengths. — Aviation, March. 1941. 


Dowty Liveline Hyd. Pump 


Niagara Power Squaring Shear KL-18 
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THERE WON’T BE ENOUGH NEW 


B££CH CRAFTS 


ailable for Spring 1941 delivery to 
meet our customers' demands. Our heavy commitments under the National Defense program 
render a temporary curtailment of our commercial production imperative. 


To those unable to obtain new BEECHCRAFTS during this emergency period, we suggest the 
purchase of a used BEECHCRAFT. All of the features which combine to make BEECHCRAFT per- 
formance unique in its horsepower classification are found alike in a new or used BEECHCRAFT: 


• Unequalled cruising speed 

• Complete controllability at low speeds 

• Ability to safely use small, rough fields 

• Low wing loading and power loading 

• Retractable landing gear and tail wheel 

• Superlative visibility and comfort 

The rigid standards of quality enforced in the manufacture of all BEECHCRAFTS assure almost 
unlimited life and comparative freedom from other than routine servicing expense. It is like- 
wise generally true that most BEECHCRAFT owners are scrupulous about the maintenance 
of their planes, with the result that a used BEECHCRAFT is usually found to be in excellent 
condition throughout. 

It has never been our policy to engage in the sale of other than company-owned BEECHCRAFTS. 
However, we have always been glad to act without profit as a clearing house for information 
regarding BEECHCRAFTS offered for sale. We invite BEECHCRAFT owners wishing to sell 
their planes to communicate with us; and we shall gladly send descriptions of available used 
BEECHCRAFTS to prospective buyers on request. 


BEECH AIRCRAFT CORPORATION * 6411 EAST CENTRAL * WICHITA, KANSAS, U.S.A. 
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SEATTLE, WASHINGTON 
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BEARINGS 



THE FEDERAL BEARINGS CO., INC. 

'Mns t5$a/f 'S&aAin^S 

' POUGHKEEPSIE, N. Y. 

Detroit Office: 2640 Book Tower • Cleveland Office: 402 Swetland Building 
Chicago Office: 902 S. Wabash Ave. • Los Angeles Office: 5410 Wilshire Blvd. 


QUALITY and PRECISION ball bearings are essential to 
the National Defense Program. The FEDERAL plant — 
working to capacity -- is producing its full quota of 
fine ball bearings to meet the constantly increasing de- 
mands of the aircraft industry. 
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AVIATION MANUFACTURING 


Subcontracting Favored to Speed Production 
Organization of Pools Spreads Employment 
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THIS TRAINING ptne& YOU JN AVIATION 



WE CAN'T SUPPLY DEMAND FOR OUR GRADUATES 





AVIATION ABROAD 





• Distinction in an individual may be one of a number of 
things... refinement, character, breeding, poise. In a Dumore 
motor it's the combination of a lot of little extras . . . refinements in 
design and construction... care and inspection in manufacture 
...that impart extra hours of productive power. Thus Dumore 
motors contribute extra value to business machines, medical 
devices, household appliances, portable electric tools or other 
equipment they are called upon to power. In some instances 
Dumore furnishes complete units. ..in others, where a manufac- 
turer makes his own housings, Dumore ’matched motor parts 
are supplied, for they, too, have "extra power hours" built- 
into them. So, you see, however peculiar your power problem 
may be, if it's a fractional horsepower motor you need, 
Dumore engineers can solve it. Write for facts... no obligation. 
THE DUMORE COMPANY • Dept. 381 -C • RACINE, WIS. 


MOTORS 









rontinenta! Motors Har p oration 

A ircraft Fn gine / livision 
MUSKEGON, MICHIGAN 


Dependable Red Seal Power is constantly being made more 
significant to the expanding roster of aircraft owners through 
a service network that is conveniently on call throughout the 
continent. The reliability of this service is a perfect comple- 
ment to the dependability of Continental Power. 

Red Seal Power is Dependable Power — on the job — 
EVERYWHERE. 
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services as Administra- 
tor of Civil Aeronautics, 
COL. DONALD H.CON- 


Brigadier General. Gen. 
Connolly is also a mem- 
ber of the N.A.C.A. 


CARL M. KALTWAS- 
SER, made general man- 
ager of Stinson Division 
of Vultee Aircraft, has 
been closely identified 
with Vultee production, 


Turning out Airacobras 

RENCE D. BELL'S job 
as president of Bell Air- 


newly elected director 
of Sterling Engine Co., 
builders of the new 
Admiral marine engine. 



To help speed plane 
production, Lockheed 

KRIVOBOK, metallurgy 

new Structures Re- 
search Laboratory. Dr. 
Krivobok comes from 
Carnegie Institute. 



At Bendix Aviation 
Corp. VINCENT BEN- 
DIX (above) was re- 
elected president, and 
Charles Marcus vice 
president in charge of 
aviation operations. 
Board of directors was 
reelected in its entirety. 



At the Caldwell plant of 
Curtiss Propeller Divi- 

TON (above) succeeds 
George C. Rodgers as 
sales manager. Mr, Min- 
ton, formerly installa- 

Curtfss- Wright in' 1929. 



As partner of Sutro & 
Co., RANDOLPH C. 
WALKER was active 
s development of 
leed, Vega, Men- 

now president & board 


SAMUEL S. BRADLEY 
(above), FRANK H. 
RUSSELL, and JOHN 
A. SANBORN were re- 
spectively re-elected 
board chairman, presi- 

ager of Manufacturers 
Aircraft Association. 


Pan American Airways 

ROLL CONE, former 
Atlantic Division man- 

pointed assistant vioe 
president, and assigned 
to duty in the system's 
New York office. 


His regular job is that 

Lines, but ANDREW 
mcdonough was un- 




cently tested the Aira- 
cobra for the Air Corps. 





for sensitive instruments, every New Departure is the product of 
more than half a century of experience in precision manufacturing. 


rom husky engine bearings to jewel-like midgets 


NEW DEPARTURE 

BALL BEARINGS 
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“Vinylite” Plastic 
Cockpit Enclosure 


Houghton Wins 
Losey Award 
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Transport Plane Priority Still a 
e Time for Air Corps Pilot 
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USING SINCLAIR PENNSYLVANIA MOTOR OIL— 
AMERICAN AIRLINES’ FLAGSHIPS FLY 
OVER 3,000,000 PASSENGERS WITH SAFETY 



Over 3,000,000 passengers have flown on 
American Airlines Flagships with safety. In 
making this record, the Flagships have 
operated over 92,000,000 airplane miles, 
lubricated exclusively with Sinclair Pennsyl- 
vania Motor Oil 

These facts are more compelling than 
words in describing the high quality and 


reliable performance of Sinclair Pennsyl- 

For further information about this motor 
oil and other specialized Sinclair lubricants 
for the aviation industry, write the nearest 
Sinclair office. If you would like lubricating 
engineering counsel, write Sinclair Refining 
Company, 6 3 0 Fifth A venue, New York, N. Y. 


SINCLAIR REFINING COMPANY (Inc.) 


OILS 


AVIATION FINANCE 
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Flight-Tested Before Flight 





distances still count 


It is a far cry from the creaking, lumbering 
Conestoga wagon to the sleek smooth-riding 
aircraft of today. In terms of time, distances 
have shrunk almost, but not quite, to the point of becom- 
inginconsequential.Despitethespeedwithwhichground 
can be covered, distances still count in the production of air- 
craft as they do in the manufacture of every commodity. 

Distances count in terms of proximity of raw materials, 
of tools, of accessories, and of parts. Distances count 
when you consider accessibility of the markets of 
the Nation. Distances count in the important considera- 
tion of a location less vulnerable to interrupted pro- 
duction by unforeseen events of the future. 

Authorities agree that in these factors distances still 
cornt, and where distances count, the State of Illinois 
occupies a favored position in industry. 


Investigate the Advantages of an Illinois 
Location. Check All the advantages Illinois offers 
to manufacturers of Aircraft and Aircraft Parts, Acces- 
sories and Tools. Write the Illinois Development 
Council, at Springfield, for a special report containing 
detailed facts on production factors which are especially 
advantageous in Illinois— a report containing data on 
raw materials, labor, power, fuel, equipment, taxes, 
transportation, markets, and available plant sites. 

Please list any special or unusual requirements in 
production or distribution, in order that a truly prac- 
tical and informative report may be submitted for your 
consideration. Your inquiry will, of course, be kept 
strictly confidential. Write — 

ILLINOIS DEVELOPMENT COUNCIL 

STATE HOUSE • SPRINGFIELD, ILLINOIS 
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PER MILE 
pays for your 
fuel and oil 


STINSON AIRCRAFT 

Division of Vultee Aircraft, Inc. 


naps, nyarauuc DraKes, eieciric srarrer, gen- 
erator and brilliant performance for actually 
less cost per mile than your car. Freed from the 
shackles of winding roads and creeping traffic 
you save time, money and 18% in distance, to 
say nothing of gaining the matchless joy of flight. 
The luxurious new 90-horsepower Voyager de- 
livers 20 miles to the gallon. And there are other 
great advantages. Write today for the fas- 



Airplane Brake Frames . . . made of 

N-A-X 

High Tensile 


are stronger and more resistant to shock — 

proof of the outstanding properties of this steel 






burizing properties. 


A Great Lakes engineer will be glad to show vou how and 
where you can use this remarkable low alloy,' high tensile 
steel to cut weight, and increase strength, safely, economically. 
Write, telegraph, or telephone for one today. 



GREAT LAKES STEEL CORPORATION— DETROIT, MICHIGAN 

Sales Offices in Principal Cities 


division of 


NATIONAL STEEL CORPORATION 

Executive Offices, Pittslurgh, Pa. 



LAMINATED 
PLASTICS 


TAYLOR 


LAMINATED PLASTICS • Vulcanized Fibre • Phenol Fibre • 



Production Battle 

(Continued from parte 73) 


activity balk at the "invitation” to ac- 
cept aircraft and armament sub-con- 
tracts. The loss risks involved, lack 
of knowledge of the work required, 
and the possible permanent loss of 
peacetime markets are among the rea- 
sons advanced by these smaller manu- 
facturers. This is but another manifes- 
tation of the fact that government con- 
tracts — once eagerly sought— are now 
carefully eschewed. The power to 
seize and operate private plants under 
government edict, however, will most 
likely elicit the necessary response 
front all concerned. 

Based on all these factors, little 
doubt remains that military aircraft 
production for 1941 will again show a 
sharp increase. The extent of this 
output, however, is highly problemati- 
cal. Informed opinion indicates that 
the air-frame producers will have the 
facilities to turn out planes at the rate 
of 50,000 a year by late 1941 or early 
1942. Failure to produce engines and 
other accessories in sufficient quanti- 
ties, however, may retard the plane 
manufacturing schedules. 

Smooth production lines are also de- 
pendent upon the continued Bow of 
additional labor to man the expanded 
plant facilities. While the industry has 
thus far obtained the men it needs with- 
out too much difficulty, this problem 
will most likely become increasingly 
more serious in the future. All types 
of figures as to growth of the industry 
have been quoted. The most vivid fig- 
ures are probably found in the obscure 
statistics as released by the Department 
of Labor. Using index numbers, and 
the adjusted three-year average 1923-25 
as 100, it is found that the aircraft 
industry, as expected, had the largest 
gain from one year to the next. 

Here arc the figures: employment in 
December 1939 was at 2100.0, in 
December 1940 — 4849.7— a gain of 131 
per cent. Payrolls on the other hand 
rose from an index of 2046.5 in De- 
cember 1939 to 5381.2 a year later, or 
an increase of 163 per cent. This com- 
parison also shows payroll payments as 
rising at a higher rate and out of pro- 
portion to the number of added em- 
ployees. 

While a few strikes in aircraft man- 
ufacturing plants have occurred, it is 
considered likely that orderly labor 
relations for the most part will hence- 
forth prevail. The NDAC has adopted 
measures to facilitate amicable settle- 
ments should future differences de- 
velop. Moreover, public opinion as a 


potent force will do much to prevent 
stoppage of work. Congress will also 
observe developments closely and stands 
ready to enact legislation to outlaw 
labor disturbances. In any event the 
industry can look forward to higher 
labor costs as the economics of demand 
and supply continues to assert itself. 

Taxes, particularly excess profits 
taxes, have taken a heavy toll of air- 
craft earnings. New tax legislation 
appears assured. However, it will 
probably not be until the latter part of 
March that the shape and form of the 
new tax bill will become distinguish- 
able. In spite of the attention gener- 
ally given the subject of taxation, it 
may be a safe assertion that this will 
not be the most important problem fac- 
ing the aircraft industry. The ability 
to produce airplanes — and to produce 
in volume without interruptions— will 
be the decisive factor in determining 
profits for the aircraft builders. 

Annual reports for 1940 of the air- 
craft manufacturers are currently being 
released to stockholders. A preliminary 
examination of the early statements 
shows record earnings in virtually 
every case. This is largely a reflection 
of the substantially larger shipments of 
last year. It will not be long before 
earnings estimates of the 1941 first 
quarter will be available. Shipments 
for this period, according to reliable re- 
port:.. will be truly astounding for a 
number of the leading aircraft builders. 
Newly expanded facilities have recently 
been placed in service and have begun 
to accelerate the tempo of deliveries. 

Aircraft equities at the present time 
discount many of the adverse features 
of the industry and sell at a low ratio 
to earnings. It must be recognized that 
stocks of other industrial enterprises 
arc also in the same category in view 
of the many uncertainties of the future. 
As these doubts are dissipated, however, 
it is likely that on an earnings basis, 
aircraft equities may be in the forefront 
of any broad market upswing. 

As our own economy is similar in 
many respects to that of the British, 
it may be of more than academic inter- 
est to observe the pattern of events fol- 
lowing that country's rearmament pro- 
gram and its effect upon the English 
aircraft builders. 

A gradual increase in taxation was 
resorted to until an excess profits tax 


BARRON'S STOCK AVERAGES 





of 100 per cent was attained. Yet, in 
spite of this high tax rate, British air- 
craft companies have had little difficulty 
in increasing their profits. For exam- 
ple: — Parnall Aircraft, Ltd., after full 
provisions for all taxes, was able to 
report a net profit of £177,786 for its 
1940 fiscal year, representing a 39 per 
cent gain over the 1939 period and 
almost a 100 per cent increase over 
1938 results. A 10 per cent dividend 
on capital for 1940 was also declared. 
The growth in operations for this com- 
pany is also interesting. Combined 
work-in-progress and stock aggregated 
£52,568 in 1936 and expanded to 
£1,139,904 in 1940. Such mushroom de- 
velopment is not unlike the expansion 
history of U. S. aircraft builders. 

The Parnall chairman also reported 
that the company had a claim against 
the Air Ministry for inventions as- 
signed but had acceded to an official 
request to postpone arbitration proceed- 
ings "in view of the grave national 
emergency." A policy of duplicating 
and, in some cases triplicating, tools 
was followed, “so that the enemy would 
have a very difficult task in interfering 
with our production.” 

Significantly, a recent issue of the 
London Economist stated: “although it 
may be open to doubt whether excess 
profits tax will continue at 100 per cent, 
in view of its anomalies and inequities, 
and the obvious drag on our war effort 
which it involves, any reduction is likely 
to involve compulsory investment in 
War Loans, and not increased divi- 

It can thus be seen that even high 
tax rates are no barriers to profitable 
operations. Moreover, it is also pos- 
sible that the Economist's comment as to 
dividend payments may find its counter- 
part in this country’s financing of the 
defense program. 

British holdings of American securi- 
ties and their constant pressure on the 
market has been attributed as one fac- 
tor in retarding the upward trend of 
stocks. While the basis of this conten- 
tion may be a tenuous one, it may be 
of interest to note that a recent an- 
nouncement indicated that British liqui- 
dation had been completed in such 
aviation equities as : Aviation & Trans- 
portation Corp., Douglas Aircraft Co., 
North American Aviation Co., United 
Air Lines Transport Corp. and United 
Aircraft Corp. Still to be completed 
is the sale of a block of Curtiss-W right 
Corp. stock. No other aviation securi- 
ties appear to be involved at present. 
Representing a newer industry, aviation 
equities have not had the opportunity 
to receive the broad European distribu- 
tion that has been peculiar to invest- 
ments in the more established Ameri- 
can industrial enterprises. This, how- 
ever, may come after the war. 
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M-R-C 

ROLLER 

BEARINGS 

Special ha'i 


AIRCRAFT 

ENGINES 


ii a Meut (Irdlen ReanitUf with three outstanding features 
contributing to greater safety and greater performance in air trans- 
portation: O Scientifically designed relief and crowning of contact 
surfaces for maximum capacity and for shaft deflection; © New and 
much stronger one-piece retoiner without rivets which permits com- 
plete disassembly for inspection; ©102 to 205 more rollers than the 
conventional type, resulting in greater load capacity. 


M-R-C ROLLER BEARINGS 


MARLIN -ROCKWELL CORPORATION 

Executive Offices: JAMESTOWN, N. Y. 

Factories at: JAMESTOWN. N. Y. and PLAINVILIE. CONN. 





NEW KIND 
OF LIGHT 

to speed 
production of 
tighter planes 

Packard orders 11 miles of new giant- 
size G-E MAZDA F (Fluorescent) lamps 
to light new engine plant 



1 THIS 1918 FIGHTER helped win World War 1. Built by 

wmm&m. 






EDO FLOAT GEAR 

STANDARD THE WORLD OVER 


The Northrop N-3 Patrol Bomber equipped with Edo 
float gear. Carries crew of three. Armament includes six 
heavy calibre machine guns and 2,000 pounds of bombs. 



Edo manufactures single and twin float gear for military aircraft. 
Complete technical data and advisory engineering service available. 
Contractors to the U. S. Navy; U. S. Air Corps and Foreign Air Forces. 
Edo Aircraft Corporation, 402 Second St., College Point, N. Y., U. S. A. 





Eliminating Failure 

( Continued from page 41) 


their electrical resistance in direct pro- 
portion to the stress imposed upon them. 
The resistor, or strain gage, used in 
the new method, consists of a “carbon- 
pile” strip approximately 2 in. long, 
{ in. wide, and A in. thick. This is 
cemented longitudinally to the propeller 
blade but insulated from it electrically, 
and to its ends are attached two fine 
wires connected through electrical col- 
lector rings with a source of direct elec- 
trical current. As the propeller blade 
tends to stretch or bend under stress, 
the resistor thus distorts with it, and the 
change in stress can be measured di- 
rectly by recording the change in cur- 
rent flowing through the system. See 
Fig. 1. 

In actual practice, the changes in 
voltage are very small, and must be 
amplified to be read accurately. This 
is accomplished by sensitive amplifiers 
which are then connected to an “oscillo- 
graph" consisting essentially of an arma- 
ture, or coil, between the poles of a 
magnet. The oscillograph tends to op- 
erate as an electric motor, and the 

direction and then in the other as. the 
reversals in stress cause reversals in 
the electric current. A tiny mirror is 
attached to the circumference of the 
armature, with a fixed beam of light 
playing upon it. As the armature oscil- 
lates, the mirror picks up the beam of 
light and flashes it up and down against 
a screen. Now all that is necessary is 
to pass a strip of light-sensitive paper 
across the screen at any desired speed, 
and the beam of light will trace a wavy 
line on the paper, with the height of 
the waves directly proportional . to the 
stress in the propeller. A permanent 
record is thus obtained (see Fig. 2), 
which can be studied and measured at 

Although none of the associated ap- 
paratus was essentially new. the prob- 
lems imposed by wide scale field meas- 
urements of the very small resistance 
variations of the pickups (A of 1 per- 
cent) required the refinement of this 
apparatus to a point unheard of be- 
fore. This has been done so that it is 
now possible to take simultaneous rec- 
ords of the stress condition at twelve 
points on the propeller on the test stand 
or under almost any flight condition of 
the airplane. Fig. 3 shows the appara- 
tus in actual use in a test house during 
the course of an engine propeller test. 

The solution of the instrument prob- 
lem was by no means the end, for with 
each new investigation there appeared 
new and unknown problems, each of 



which was of fundamental importance. 
Moreover, having measured these vibra- 
tional stresses, it was necessary to pro- 
vide a correct interpretation of their 
importance and the probable safety of 
the installation. This latter problem 
is in a constant state of revision as new 
evidence presents itself. Each different 
modification of the propeller construc- 
tion requires revaluation of its vibra- 
tion strength and for basically different 
types of construction a completely dif- 
ferent analysis is necessary. 

As the problem became more thor- 
oughly understood, it became apparent 
that the only sound means of evaluating 
the stress limit of safety lay in the 
analysis of accrued service background. 

In this study over 500,000 separate 
measurements have been made, a total 


of 45 persons are engaged in full time 
study of the problem and three of the 
outstanding experts in the country are 
retained for consultation on the funda- 
mental principles involved. 


After the introduction of the con- 
trollable propeller in 1933 it was found 
necessary to make the specific pro- 
peller weight approximately .5 lb. per 
horsepower in order to eliminate blade 
shank failures. The only apparent means 
of ensuring a similar condition was to 
make larger propellers geometrically 
similar. On the basis of the original 
controllable propellers this would mean 
that propellers for present-day 2,000 
lip. engines would weigh .83 lb. per 
horsepower. Clearly, then, a more ra- 
tional design procedure was essential 
if the propeller were not to become the 
limiting factor in the size of the power 

By the industrious application of this 
stress measuring technique, specific pro- 
peller weights of .25 lb. per horsepower 
are now possible in the immediate fu- 
ture and it is not believed that the 
possibilities in this direction are com- 
pletely exhausted. 

Although by no means all, the follow- 
ing examples of problems attacked by 
the method will serve as indications of 

During the years 1933 to 1938, seven 
tip failures of a two-way propeller on 
a 450 hp. nine-cylinder engine were 
experienced. During the initial stages 
of the investigation of this condition, a 
modernization program on the engine 
was being undertaken. As part of this 
program, 4) order (firing frequency) 
dampers were installed in the engine. 
A routine check (see results in Fig. 4) 
on this engine disclosed an alarming 
condition of propeller stress as com- 
pared to the original engines with no 
dampers. And from the frequency of the 
propeller tip stress waves it was learned 
that most of the stress increase which 
resulted from the installation of the 
damper was at twice firing (and dam- 
per) frequency. A mathematical analy- 
sis of damper behavior disclosed that 
under certain conditions the damper 
itself might introduce an excitation at 
twice its tuning frequency. 

The construction of this type of 
damper was such that a second roller 
at twice firing frequency could be used 
and the result of this change resulted 
in the eminently satisfactory stress con- 
dition shown in the lowest curve and 
labeled “4V and 9N damper.” When 
dampers of this kind were put into 
engines in service, the propeller failures 
ceased immediately. 

Reference to Fig. 5 shows the result 
ot an investigation of the effect of dam- 
(Turn lo page 120) 
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• Prints in 45 seconds 
instead of IVl minutes! 
That’s why one company is now 
making BW Prints, instead of blue 

Today— when you need prints fast 
—you’ll get them when you want 
them by changing to BW. High- 
speed BW equipment produces 
prints in two simple operations— 
exposure and development. 

The use of cut sheets permits 
volume production of prints 
cut to the exact size of your 


to 
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tracings— no lost time in trimming. 
Remember, too, that BW (black 
line) Prints are much easier to read 
and check than blue prints— a big 
advantage when work must go 
through in a hurry. Bruning repre- 
sentatives have helped many a plant 
speed up production all along the 
line with BW Prints. Perhaps their 
experience can aid you. Get in touch 
with one soon— and mail 
the coupon for our free, il- 
lustrated booklet explaining 
BW in detail. 


SRUNING "75" PRINTER 
AND 154 BW 
developing MACHINE 

r", U pc, hour. and 

,«o men can develop 2600 8 / 2 * 
BW P " 5 n " P“ 0 h in width, any 

le T„ h e 


BRUNING Since 1897 

SPEEDS — SIMPLIFIES — AND PROTECTS A NATION’S DRAFTING 


CHARLES BRUNING CO., lac. USa-iO: 

I New York: lOORcadcSt. ■ Chicago: *145 Plymouth Court 





ble was encountered. 

In a third case, an epidemic of tip 
failures on a three-way propeller and 
a nine-cylinder engine in transport serv- 
ice was found. A peculiarity of this 
problem was that only a small part 
(outer 3 to 4 in.) of the blade was 
broken. This condition never resulted 
hi severe damage to the airplane but 
was none the less potentially extremely 
hazardous. 

The initial investigation on the test 
stand with a test engine disclosed that a 
very sharply tuned stress peak occurred 
in the cruising region of the engine. 
The frequency of propeller stress was 
finally associated with the frequency 
of tooth mesh in the reduction gear it- 
self. However, the magnitude of the 
stress found was not believed sufficient 
to explain the failures experienced. An 
inspired “hunch” that individual pecu- 
liarities of reduction gear assemblies 
might result in unusual conditions 
prompted an investigation of a gear 
which was in use when a propeller 
failure was experienced. As shown in 
Fig. 6. this supposition was found to be 
correct. Removal from service of a 
few reduction gears resulted in an 
abrupt end to propeller trouble. 

The problems discussed above were 
initially encountered before the stress- 
measuring technique was well devel- 
oped. As soon as possible, however, 
every effort was made to prevent vibra- 
tion problems from ever occurring in 
service by making a routine check on 
each new combination of engine and 
propeller on the test stand and making a 
techeck when installed in the airplane. 

In the pursuance of this principle it 
was found that an engine-propeller com- 
bination which was service tested by 
thousands of hours of use on one type 
of airplane was unsafe at high engine 


and airplane speeds on a new high-speed 
airplane. This condition was brought 
about by the larger blade angles attend- 
ant upon high speed flight; the higher 
angle allowed a critical vibration which 
was normally above the maximum speed 
of the engine to come into the operat- 
ing range. 

As part of a research program in 
engine dampers, a modification of nor- 
mal crankshaft construction involving 
dynamic dampers on both front and 

oped. When tried, this new crankshaft 
resulted in the very satisfactory con- 
dition shown in Fig. 7. 

In this way. the new type of airplane 
just now entering airline service is 
given assurance of satisfactory and safe 
propeller performance. 

As is so often the case, the applica- 
tion of this new tool and technique was 
not confined to the original problem 
for which it was developed. Causes of 
fracture of engine crankshaft cases, and 
mounts have been investigated. Im- 



pact stresses in landing gears and sea- 
plane floats can now be studied. Other 
industries such as truck manufacturers, 
railroads, and even glass manufacturers 
are realizing the possibilities of the 
propeller stress pickup. 

Without doubt, however, the most 
important contribution of this develop- 
ment is the removal of propeller failure 
from the category of nightmare possi- 
bility to the realm of scientific preven- 


German Air Force 

(Continued from page 31) 


vantage in maneuverability — which is 
even more important than their rather 
less preponderating superiority in per- 
formance. Another feature in which 
British machines of most types have had 
an initial advantage over those they 
have had to contend with is in fire- 
power. both offensive and defensive. The 
superiority in defensive armament, due 
mainly to their power-operated gun- 
turrets, of the British bomber types is 
most marked and has enabled them with 
astonishing frequency not only to escape 
from but to destroy enemy fighters at- 
tacking them. Without this adequate 
defensive armament the German bomb- 
ers have been quite unable to put up 
similar performances against the British 
fighters, who have consequently been in 
a position to attack with much greater 
confidence and determination. This 
superiority in armament has been 
equally great as between the fighters 
of the two countries when meeting each 

That this is not merely a belief or 
expression of opinion on our part is 
proved by the fact that in all operations 
during the period Aug. 8-20, 701 Ger- 
man aeroplanes were known to have 
been destroyed while only 192 British 
machines were lost. This has. of course, 
done something towards redressing the 
balance in numbers possessed by Ger- 
many when France surrendered; a bal- 
ance which was, in every case, being 
rapidly reduced by the astonishing in 
crease in output of aeroplanes from Brit- 
ish factories. This increase is such that 
Mr. Winston Churchill was able to 
state as far back as Aug. 21 that the 
production was already greater than 
that of Germany. This statement was 
followed a week" later by an announce- 
ment by the Minister of Aircraft Pro- 
duction (I-ord Beaverbrook) that dur- 
ing the preceding week, more fighters 
and more bombers had been produced 
than ever liefore in the history of 
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Landplane vs Seaplane 

(Continued from page 39) 


Quite often the land plane enthusiasts 
state that the flying: boat is, in general, 
a less efficient aircraft due to the bulky 
hull and limited possibility of having 
sufficiently highwing loading to obtain 
reasonable cruising speed, without suf- 
fering from undesirable water char- 
acteristics. Such statements are not 
correct when we come to large size 
airplanes considering the purpose of 
the machine. The undesirable water 
characteristics, i.e,, excessive spray, 
porpoising, etc., do not represent in- 
herent qualities of flying boats. By 
proper design of hull lines, coordina- 
tion of wing and beam loading, these 
undesirable qualities could be positively 
eliminated. 

Wing Loading 

The proper wing loading for com- 
mercial, long-range airliner represents 
a very important question for success- 
ful design. Whether the machine is a 
land plane or a flying boat, the primary 
consideration should be given to the 
efficiency at economical speed. It is 
well known that such economical speed 
usually represents a speed from 10-20 
percent higher than the "speed for best 
L/D” of an airplane. (The reason for 
this is that the top ot the "range curve” 
is practically flat in the vicinity of best 
L/D, because the ratio of propeller 
efficiency to specific fuel consumption 
usually is not the optimum for that 
speed and aerodynamic advantages of 
best L/D cannot overcome this factor). 
It is correct that with heavier wing 
loading the “best L/D speed” of the 
plane occurs at higher velocity, but 


often the value of such L/D becomes 
lower and there is no gain obtained. 

It is a well accepted law that when 
the size and weight of an airplane in- 
crease, the wing loading should be in- 
creased also. According to the observa- 
tions and study of some reputable 
scientists, the "law of square and cube 1 ’ 
is not strictly maintained in nature 
regarding the sea birds. Their wing 
loading increases with size not accord- 
ing to W 1/a but by a somewhat lower 
exponent. Dynamic flight of some of 
these birds is extremely efficient and 
this is not only the aerodynamic cleanli- 
ness but harmonious correlation be- 
tween wing and span loading. Appar- 
ently, the lower the aspect ratio, the 
lower the exponent of W becomes, 
when different species are compared. 
This is probably to insure steady and 
efiicient flight characteristics in the 
vicinity of best L/D and towards the 
stalling. Such characteristics arc ex- 
actly the qualities the long range trans- 
oceanic seaplane should possess. 

Fig. 1 represents the plot of wing 
loading against the gross weight of the 
airplane based on Sikorsky amphibian 
and flying boat designs, and design 
studies. This plot corresponds to the 
assumption that wing loading varies in 
proportion to the weight in one quarter 
power. Generally speaking, for increas- 
ing the economical speed in a conven- 
tional design, without impairing the 
qualities of flying close to best L/D, it 
is necessary to increase the size of the 
airplane and corresponding wing load- 
ing. 

It is reasonable, therefore, to assume 
that the general aerodynamic design of 
the wing group with respect to wing 
loading, aspect and taper ratio and even 
the location of the power plant, would 
become similar for both types of a' 


planes — flying 



Following the 
present design 
trend, the land 
plane probably 
would be a low or 
mid - wing mono- 
plane, with main 
landing gear re- 
tracted in the wings 
and nose wheel in 
the body. The high 
wing monoplane 
will always be 
heavier due to ex- 
cessive weight of 
the longer landing 
gear legs, though 
such a type has 
many attractive 
features such as 
perfect visibility 
for passengers, or 
what is really im- 
portant, inherently 
better stability 


characteristics particularly at higher 
angles of attack, where most of the eco- 
nomical speeds occur. 

The flying boat, on the other hand, 
must necessarily have a high wing ar- 
rangement in respect to the hull. To 
secure comparable stability at desired 
regime, the low wing monoplane should 
have a somewhat larger horizontal tail 
or be moved farther aft than in high 
wing monoplane. This means additional 
drag, some weight, and may result in 
excessive stiffness at higher cruising 

P The size of the body in large ma- 
chines will be dictated solely by the 
volume required to accommodate pas- 
sengers and other items of useful load, 
therefore, the fuselage of the landplane 
concerning its cubic displacement 
should not have less volume than that 
of the flying boat hull. 

In the sizes contemplated, the planing 
beam of the hull becomes smaller than 
the diameter of the body, because the 
beam increases only in cubic root of 
the weight and has no connection with 
the size of the body, which evidently 
grows larger in proportion. The finess 
ratio of the body could be decreased 
with growing dimensions, especially for 
the high wing flying boat monoplane 
where shorter horizontal tail could be 
used, due to its better inherent stability. 
For the size of 100 ton flying boat, a 
circular body with 1 :6 finess ratio be- 
comes quite feasible and such shape 
already represents a very efficient 
"volume to drag ratio.” 

All this leads again to the conclusion 
that the cross-section for both bodies, 
fuselage and hull, would be approxi- 
mately the same. 

Drag ot the Body 

From Fig. 2 it can be seen that, 
aerodynamically, the fuselage is cleaner 
than the boat-hull, mainly due to the 
bilge chines being indispensable for the 
hull. In large sizes, however, the dif- 
ference is not so pronounced. The 
chines, being practically inside the con- 
tour of the circular body and running 
parallel to the motion, do not represent 
a large drag; besides, they do not have 
to be necessarily carried to the extreme 
bow. The economical speed of the 
airplane is not so great as to worry 
about the compressibility effect of the 
small protrusion of these chines. The 
main step can be streamlined very eas- 
ily; the rear step, of pointed shape, if 
correctly designed and being excellent 
hydrodynamically, represents very little 
additional drag. 

It may be reasonably stated that the 
skin friction drag is about equal for 
both fuselage and boat-hull; the only 
difference is in the form drag, which 
represents a small portion of the total 
parasite drag of the ship. 

( Turn to page 126) 
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Taking the total drag of a well de- 
signed boat hull to be 20 percent more 
than a fuselage, the difference in drag 
becomes about 7 percent of the parasite 
drag of the complete airplane, which 
constitutes about 3J percent change in 
L/D max. in favor of the land plane. 
In the opinion of the author, the differ- 
ence between the hull and fuselage 
drag, with increasing size, will decrease 
more and more and a hull for a 100-ton 
flying boat can be designed with only 
10—15 percent greater drag than that 
of the fuselage, 

.Finally, considering the drag of the 
wing group and the power plant as the 
same for both types of airplanes, (tip 
floats arc retracted into the wings in 
case of a flying boat) and disregarding 
additional drag of larger tail necessary 
for the land plane, the latter may be 
considered aerodynamically superior in 
order of 31 percent in range at a speed 
close to best L/D, provided that both 
airplanes have the same gross weight. 

It is a well-known fact that the best 
range depends not only upon the best 
L/D ratio of the airplane, but also upon 


log 1() yj — or from the ratio of 


gross weight to fuel load. 

The weight empty, therefore, becomes 
a paramount factor in design and the 
question arises whether it is possible to 
build a land plane of the size discussed 
for the same weight as the flying boat. 

The following is the result of a 
weight study made for comparison of 
airplanes in region of 50-100 ton gross 
weight. 

Fig. 3 indicates that the fuselage 
weight is reduced slightly with increas- 
ing size of the airplane, due to the more 
efficient structure possible with larger 
size of the body, but the weight of the 
landing gear does not increase in direct 
proportion to the weight of the ship but 
in considerably greater proportion. 

From Fig. 4 it can be seen that the 
difference between the fuselage and the 
landing gear versus the boat hull and 
pontoons constitutes approximately 
from 4 to 61 percent of gross weight for 
50-100 ton airplanes, respectively, in 
favor of the flying boat. 

On top of this increase in weight, 
there are a few more items which can- 
not be neglected and should be added 
for fair comparison. 


Reinforcement of wing for the land 
plane due to the concentrated loads 
imposed by the landing gear and also 
the cut-outs for its accommodation, give 
an appreciable additional weight for 
the wing group in comparison with the 
flying boat. Additional area of the 
horizontal tail surface, necessary for 
the reasons mentioned before, also in- 
creases the weight of the tail group. 
Requirements for flotation, reinforce- 
ment for forced landing at sea give 
considerable additional weight to the 
fuselage suitable for safe overwater 
operation. This latter item was not 
considered in the preparation of the 
curves given in Figs. 3 and 4. 

On the other hand, the flying boat 
has a number of specifle, relatively 
small, items which somewhat decrease 
this difference. Marine equipment, for 
example, is slightly larger, though its 
main item, namely the anchor, will not 
be carried anymore, because only a sea 
anchor could be of use in the open. 
Life-saving equipment and rations are 
the same, depending entirely upon the 
number of passengers and crew. This 
results in a very small difference in 
weight of the equipment. 

Cut-outs and local skin reinforce- 
ments of the wing for the tip floats 
actually constitute a small fraction of 
the weight of the reinforcements neces- 
sary for the landing gear in the wing 
of a landplane, because the loads from 
the tip floats are comparatively very 

From the standpoint of cabin pres- 
surizing, the land plane will obviously 
be of cylindrical shape. The flying boat, 
in the sizes contemplated, can be made 
to approach the cylindrical shape very 
closely with the exception of the bottom 
(see Fig. 2). In so far as the bottom 
structure is designed for water land- 
ings, it automatically provides sufficient 
strength for reasonable pressurizing. 

The balance of all these items, in 
addition to what was obtained from Fig. 
4, constitutes another figure of approxi- 
mately an additional 2 percent of the 
gross weight of the plane in favor of 
the flying boat. 

So the total difference in gross 
weight of the two types of airplanes 
becomes in the neighborhood of 6 per- 
cent to 8J percent depending upon the 
sizes chosen in this discussion. 


It is difficult, within the scope of this 
article, to discuss more details, giving 
quantitative data about separate weight 
items. It is obvious that some parts 
could vary slightly in weight depend- 
ing upon individual design, but still 
there is sufficient evidence already that 
weight empty of the long-range flying 
boat will be lighter than that of the 
land plane capable of safe operation 
over the ocean. 


Range Comparison 

Inasmuch as the economical speed for 
the range should be in the vicinity of 
L/D max., it is reasonable to compare 
ranges by Breguet formula for the first 
approximation. 

For the sake of such comparison, 
assume that the difference in structural 
weight will be taken conservatively as 
only 5 percent of the gross weight and 
transformed into fuel. 

For a 100-ton land plane the fuel is 
50,000 lb. 

For a 100-ton flying boat the fuel be- 
comes 60,000 lb. 

Ranges at L/D max. 


Land Plane— R=863.5 x 21.75 

, 200,000 , ' 

Flying Boat— R = 863.5 x 21.0 


- = 5,620 miles. 


, 200,000 
05,0 140,000 
Twenty percent difference in range is 
a substantial figure, which, if trans- 
formed into payload, may greatly influ- 
ence the airline operator in choosing 
the type of equipment. 

A long range, trans-oceanic flying 
boat, equal with the land plane in gross 
weight, power plant and useful volume 
will carry appreciably better payload 
at the same speed. 
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Monoplanes" by G. J. Higgins. Nnv. 1934. 
MAC A T.R. £625 (1938) “A Discussion of 
Certain Problems Connected with the Design 
of Hulls of Flying Reals and ihe Use of Gen- 
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1 ! Prepare You for Leadership 
in Commercial Aviation • 


PARKS Offers a 
COLLEGE EDUCATION 

Majoring in Aviation 


H ow far do you want to go in commer- 
cial aviation? If, in planning your 
preparation and training, you are looking 
several years beyond that first job — then 
consider carefully this important fact: 
Technical skill alone is not enou gh to 
q ualif y you for advancement 10 positions 

Executives in commercial aviation — those 
who direct the work of many others — 
must know why as well as how. Executives 
must be able to apply fundamentals to 
new problems — to think straight through 
a problem to its solution. 

That's why Parks courses provide a 
complete college education majoring in 
aviation — executive training including 
a broad educational background in addi- 
tion to essential technical skills. So 
thorough are Parks courses that a recent 
national magazine article called Parks 
"The Harvard of the Air.” 

Proof that Parks training does equip 
men for advancement to positions of lead- 
ership is found in the steady demand for 
Parks graduates and the positions in which 


PARKS AIR COLLEGE E..t St. U.U, Illinois 


you'll find Parks trained men — chief 
engineer, chief meteorologist, chief pilot, 
captain, first flight officer, traffic man- 
ager, factory manager, service manager, 
department heads, and many others. 

If you are determined to prepare for 
real success in commercial aviation, send 
for complete information on the advan- 
tages offered in Parks leadership training. 

The coupon will bring you the free 64- 
page Parks catalog including full infor- 
mation on each of Parks four courses: 
Professional Flight and Executive, Avia- 
tion Operations and Executive, Mainte- 
nance Engineering and Aeronautical 
Engineering. Send the coupon or a post- 
card request today. 
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TYPICAL OF MEN TODAY with a big production job on their hands, 
airplane makers have long shunned “droopy”, inefficient drill- 
ing methods. They MUST have speed! And so the job has gone 
to Thor’s “Speed-Up Squadron” of U14 type Vi" Drills — the 
smallest, lightest portable electric drills ever built. Tremen- 
dously powerful, designed for the stilfest production service, 
they are nevertheless so compactly built, so extremely light in 
weight, that they provide the perfect ONE HAND operation . . . 
the “finger point” accuracy that insure fast, efficient drilling. 


ONE HAND does 
the job with these 
small, fast, light 
THOR DRILLS. 



A FEW OF THE 36 DIFFERENT THOR 014 TYPE DRILLS 

THIRTY SIX DIFFERENT MODELS provide precisely the right Thor 
drill for each job! Included in this lineup are three different 
motor sizes for everything from light maintenance to extra 
heavy production drilling . . . five different speeds ranging 
from 750 to 5200 R.P.M. . . . three different switch styles to 
suit individual preference . . . and three right angle tools with 
the smallest working clearance on the market. 

"DO IT FAST, but do it right!” — that’s the order of the day. 

And that’s the way these Thor U14 type tools will handle your 
toughest drilling job. To get complete information on the en- 
tire series, mail the coupon for the new Thor Catalog No. 37. 
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Anti-Icing Pumps 

(Continued from page 43) 


ately controlled by using a series wound 
motor and a variable rheostat. Series 
winding provides high stall torque, 
which is a desirable characteristic for 
cold starting. As the volume control is 
affected by varying the voltage applied 
to the electric motor, the rheostat that 
effects this control should be of ample 
capacity to dissipate the heat generated, 
particularly if the rheostat is enclosed 
in a shielded housing. It is also desir- 
able to have the "off” position of the 
rheostat at the zero resistance side, so 
that the first motion of the rheostat pro- 
vides full line voltage to the motor for 
cold starting or to provide the power 
necessary to operate the pump with 
gummed deposits or possibly plugged 
lines. Control is closely tied in with 
reserve power and cold starting. By 
using a carefully chosen gear reduction 
between the motor and pump, with the 
motor operating at high speeds for 
maximum output, there is a large re- 
serve of power for starting, and rela- 
tively low speeds and very stable opera- 
tion is secured at the outputs normally 
required for ice removal. 


Laboratory tests were made to de- 
termine the corrosive effects of the 
alcohol-glycerine solution on a variety 
of materials, and on dissimilar materials 
in close contact. The test specimens 
were alternately immersed in the alco- 
hol-glycerine solution and then ex- 
posed to the air, this process being 
repeated continuously for several 
months. Based on these tests, stainless 
steel alloys were selected for all pump 
parts exposed to the alcohol-glycerine, 
and as a further precaution all of these 
parts are of substantially the same 
chemical analysis and have the same 
heat treatment. As a result, this type 
of pump is almost entirely free from 
corrosion and can be left standing for 
months in contact with the alcohol- 
glycerine and still start instantly and 
operate properly when the rheostat is 

Flowmeters 

Flowmeters are not essential to the 
control of a properly made two outlet 
anti-icer pump, but are a very definite 
assistance in adjusting the flow on four- 
engine airplanes, and as an indication 
of the amount of liquid being used. 

Before the introduction of the two- 
outlet gear pump, several types of 
flowmeters were in use. Float-type 
flowmeters made it necessary to bring 


the alcohol-glycerine solution (an in- 
flammable liquid) into the pilot’s or en- 
gineer’s cockpit, which is certainly un- 
desirable. Flowmeters of the float type 
can be accurately calibrated for one 
given set of conditions, but their read- 
ings vary widely with changes in temp- 
erature and viscosity, and changes in 
the anti-icer solution. Laboratory tests 
on various units of this type indicate 
variations of as much as 100 percent in 
the flow with temperature changes such 
as might be expected in the course of 
an ordinary flight. 

To overcome these difficulties, the 
electric type of flowmeter was devel- 
oped. The use of this flowmeter pre- 
supposes an extremely accurate gear 
type pump and a dependable, over- 
capacity electric motor. With a unit 
of this type, the dischange from the 
pump varies directly with speed, and 
the pump speed in turn varies directly 
with the applied voltage at the motor. 
It is, therefore, possible to use these 
facts as a basis for designing an electric 
flowmeter which is more accurate than 
the liquid type and is entirely unaffected 
by temperature, or viscosity changes in 
the liquid used. Electric flowmeters 
weigh only a few ounces and, of course, 
no liquid need be carried into the main 
body of the airplane. With these flow- 
meters on a four-engine airplane, the 
pilot adjusts the flow from the left-hand 
dual pump to give proper ice removal 
from the left inboard engine, notes the 
reading on the flowmeter, and then 
adjusts the right hand dual pump to 
give the same reading. 


Carburetor ice has probably caused 
even more trouble than propeller ice, 
and has resulted in severe loss of engine 
power and resulting forced landings. 
Due to the reduction in temperature 
when gasoline is vaporized, carburetor 
icing can occur with air temperatures 
20 to 30 deg. F. above conditions pro- 
ducing propeller or wing ice, and 
therefore occurs more frequently. Heat- 
ing the inlet air is one solution, pro- 
vided sufficient heat can be supplied, but 
is open to the objection of horsepower 
losses due to lower inlet air density and 


due to limitation of cylinder tempera- 
tures. Various chemicals have been 
injected into the carburetor air intake 
both to prevent ice formation, and to 
serve as an anti-knock permitting the 


normal use of a lower grade of fuel. 
None of these has been overly success- 
ful and at the present time the injection 
of pure alcohol seems to produce the 
best results. Numerous laboratory and 
refrigerated tests indicate that a great 
deal more alcohol is necessary to re- 
move an accumulation of ice than is 
necessary to prevent subsequent ice 
formation. 

Pump Problems 

As a result of these tests an initial 
flow of approximately 85 pounds per 
carburetor per hour is required for 
about 30 sec. The flow is then reduced 
to 20 lb. per carburetor per hour, and 
continued as long as icing conditions 
persist. These flows, amounting roughly 
to 50 and 12 qt. per hour, are six times 
the maximum required capacity of an 
anti-icer pump, and the pumping of 
pure alcohol introduces problems that 





differ from the handling of the alcohol- 
glycerine solution. It is obvious that 
a well designed propeller anti-icer pump 
has altogether too small a delivery to be 
used as a carburetor anti-icer pump, and 
conversely, that any propeller anti-icer 
pump that can be used for carburetor 
anti-icing has been improperly designed 

It is therefore necessary to start at 
the beginning to design the new carbur- 
etor anti-icer unit. Handling pure 
alcohol only, there is no lubrication 
available, and pump speeds and mate- 
rials must be suited to continuous opera- 
tion unlubricated. As there will be no 
gumming or clogging of lines with pure 
alcohol, the maximum pressure that 
such a pump need produce is only 10 
lb. per sq. in., and even 5 lb. is probably 
sufficient. Corrosion is even more 
severe, as there is no glycerine film to 
afford some measure of protection. 

A study of these conditions leads to 
the design of a vane type pump having 
a single rotor, and an excentric housing 
duplicated on each side of the vertical 
center line of the rotor. A complete 
pump cycle occurs in 180 deg., and two 
independent discharge strokes each 
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complete rotor revolution. There is 
always one blade between any two ad- 
jacent ports, and adequate clearance is 
provided between the rotor and housing 
to permit the passage of residual trap- 
ped fluid. With this arrangement the 
division of flow between the two outlets 
is very accurate, tests indicating an 
average difference of only 3 percent, 
and it is almost entirely unaffected by 
changes in clearances. 

By a simple change in worm gear 
ratios, exactly the same electric motor, 
explosion-proof housings, and mounting 
flanges can be used for either the pro- 
peller or the carburetor anti-icer pumps 
resulting in very definite production 
savings. 

Control of the carburetor anti-icer 
pump is by means of a fixed rheostat 
and a three position switch, having first 
a manually engaged contact, then an 
"off" position, and lastly a fixed "run” 
position. The manually engaged contact 
applies full line voltage to the motor, 
and the pump then delivers at a rate 
of approximately 85 lb. per outlet per 
hour. This rate is maintained for 30 
sec. to remove any ice accumulation, 
and the switch then turned to the "run" 
position. Here a rheostat is cut into 
the motor circuit, and the resistance has 
been selected or adjusted to the partic- 
ular installation to give a flow of 20 
lb. per outlet per hour. 

With the requirement of pure alcohol 
for carburetor anti-icing it is also pos- 
sible to use the same liquid supply to 
remove ice from the windshield. A 
simple tee line, and three-way valve 
can be used for this control. In order 
to avoid the necessity of two separate 
tanks, one for alcohol-glycerine and 
one for alcohol, some attempts have 
been made to use straight alcohol for 
propeller anti-icing. It is not as effec- 
tive as the glycerine solution, does not 
cling to or spread over the blade sur- 
face as well, and is definitely less 
effective in removing ice. More liquid 
is required to effect the same ice re- 
moval. As a safeguard for future pos- 
sible use with straight alcohol, the 
three-gear pumps described here have 
been thoroughly tested with this liquid, 
and are satisfactory for use with pure 
alcohol. 

Inflatable wing de-icers, propeller and 
carburetor anti-icers, together have 
largely eliminated the hazards of ice 
formation. Further development broad- 
ens in scope, and includes items operat- 
ing with or from the ice prevention sys- 
tem such as inflatable and deflatable 
fairing for gun controls or similar 
moveable resistances, flexible propeller 
spinners, baffles to deflect sleet or snow 
from the carburetor air scoops, and 
various types of windshield anti-icers. 
These are now under development or 
test and will be followed with interest. 



8600 precision parts — among them Allen Pipe Plugs — share the 
responsibility of keeping this 1200 horsepower PRATT & WHITNEY Twin 
Wasp engine "humming". Here's a field for ALLENS' function of "holding 
strongly together” under extremes of strain and vibration. 

For exacting aircraft applications, Allen Pipe Plugs and Socket Head 
Cap Screws are the No. 1 preference of engineers and specifiers, for 
these basic reasons: 

" pressttr- forming" the plugs and screws are given more and more strength for initially 

addition to surface accuracy) that the* axial fibres of the steel are made to conform 
to the contours of the thread -profile. As a result, ALL of the thread -surfaces engage 
in the tapped hole with evenly distributed friction pressure — which is HOLDING 
POWER — over the entire length of thread. 

Tour local Allen Distributor will oblige with samples and service. 



Illustration (right) shows application of Allen Pipe Plugs in a Pratt 

craft use — these plugs are also 
available in Bronze, Brass, Stainless 
Steel or any other metal having 
properties adapted to cold-drawing 
and smooth threading. Folder G-21 
brings you technical data and spe- 
cifications on complete ALLEN line. 

Matbine &Tooi Progrett Exhibition, Detroit, 


THE ALLEN MANUFACTURING COMPANY 

HARTFORD CONNECTICUT, U.S.A. 


AVLATIOH. 







TO MAKE A " NATION OF PILOTS ” 



I.A.S. Meeting 

( Continued from page 132) 


converting the ANC-5 fundamentals 
into convenient working values, within 
the range of the more common aircraft 
plywood constructions. 

The bibliography cites the more im- 
portant publications and periodicals 
that are useful to students in the held 
of aircraft plywood. In conclusion, 
the author points out that plywood, 
with the durable adhesives of recent 
development, presents many new and 
relatively undeveloped possibilities in 
the aircraft industry. 

The Omnidirectional Radio Range 
A New Navigational Instrument 

RCA Mlg. Co., Camden 
When there is little or no visibility, 
radio is the only known means by which 
an aircraft can get direct information 
as to its position over the earth’s 




BRADLEY JONES 


direction-finding receivers on the 
ground and direction-finding receivers 
carried by aircraft, called radio com- 

Prcsent aural radio ranges, each lay- 
ing our four fixed, radial tracks over the 
ground, have the accuracy and reliabil- 
ity obtainable only with precise ground 
equipment and, because of this and of 
their great convenience in use, they 


have become the mainstay of instrument 
navigation in this country. . . . 

Ground direction-finders, which have 
never come into general use in the 
United States, may also be precision in- 
struments and, giving direct position 
information to ground personnel, re- 
lieve the pilot of much navigational 
work. But, they' can serve only one ship 

Because any form of radio guidance 
can be disrupted by interference, every- 
one is now looking hopefully toward the 
almost universal use in aviation radio 



ATHELSTAN r. sr/LHAUS 


of the still uncongested ultra high fre- 
quencies, where the natural static so 
troublesome on frequencies now in use 
is almost completely absent. Just now, 
there seems no hope of a fully satisfac- 
tory ultra high frequency aircraft radio 



determined. . . . 




finder, but gives it directly to the pilot. 
Each aircraft tuned to a given ground 
transmitter of the new type receives, 



transmitter and, if desired, an additional, 
magnified indication of its deviation 
from any chosen azimuth. These indica- 
tions are entirely independent of the 
headings of receiving craft. Any num- 



EA. STALKER 


ber of aircraft may be served at once, 
with no transmission from them to cause 
interference or reveal their position to 
hostile observers. Because the new de- 
vice lays down, in efifect, as many 
straight, fully identified radial courses as 
may be needed, In any desired direc- 
tions, we have called it an "omnidirec- 
tional radio range.” 

The ultra high frequency antenna and 
radio receiver on aircraft using the 
omnidirectional range need only be nor- 
mal good equipment. 
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Why Stainless control surfaces satisfy 
all requirements of high-performance 
fighters or low-priced trainers 




THE DEFENSE IS ALERT 


I N anti-aircraft defense, threatening air- 
planes must be located with utmost 
speed. To solve this problem Sperry has 
developed the Sound Locator or "me- 
chanical ear" by which the defense can 
determine the location of on-coming air- 


to meet anti-aircraft defense requirements 
in the last World War and has been con- 
tinually improved and produced by Sperry 

Still another Sperry device, the Universal 
Director, working many times faster 







Who's Who in OPM. 

(Continued from page 33) 


delivery schedules for Army-Navy-Brit- 
ish and other customers in conjunction 
with representatives of such customers 
and of the manufacturers. 


M. Powers has had 24 years of varied 
flying service. 

Born at LeRoy, Illinois, September 
4, 1892, Maj. Powers took a special 
engineering course at New York Uni- 
versity. In 1918 he was graduated 
from flying school and commissioned a 
2nd Lieutenant in the Aviation Section 
Signal Corps Reserve, and served as 
flying instructor until 1919 when he 
was honorably discharged. Accepting 
a commission of 2nd lieutenant in the 
Air Corps Regular Army in 1920, he 
became a major March 2, 1935. His 
service with the Army included: Engi- 
neering Department, San Antonio air 
depot; Chief of Engineering Dept., 
Philippine air depot; Chief of Shops 
Branch, Chief of Power Plant Branch, 
Chief of Equipment Branch, and As- 
sistant Chief of Engineering Section 
at Wright Field, and from 1939-41 was 
Chief, Engineering Section, and Tech- 
nical Executive to Chief, Materiel Div. 
O.C.A.C. 

In the first half of 1937 Maj. Powers 
visited all the principal aircraft and 
aircraft engine factories in England and 
the Continent, and upon his return pre- 
pared a complete report for the Chief 
of Air Corps. 


With eleven years' diplomatic service 
in South America, and having acted as 
representative for several leading Amer- 
ican aircraft manufacturers, with head- 
quarters in Buenos Aires, A. Ogden 
Pierrot is qualified for the post of 
Foreign Contact Officer for Latin 
American Aviation Affairs of the Pro- 
duction Plans Division. 

A Pennsylvanian, he was born in 
Philadelphia. September 29, 1900, and 
received his primary and secondary 
school education in Washington, D. C. 
At Georgetown University he majored 
in economics and received a degree of 
B.F.S. from Georgetown Foreign Serv- 
ice School. 

In 1923 Pierrot was appointed to the 
Foreign Service and assigned to duty 
as Assistant Trade Commissioner at 
the U. S. Embassy, Rio de Janeiro, fol- 
lowing a year of exploration throughout 
the Amazon Valley. Subsequently he 
was promoted to Trade Commissioner, 
Assistant Commercial Attache, and Act- 
ing Commercial Attache in the Foreign 
Commerce Service. 

An indefinite leave of absence has 
been granted him by the aircraft manu- 
facturers lie has represented, since his 


resignation from the diplomatic service 
in 1934, in order that he might serve 
in his present capacity. 


In charge of the important standard- 
ization work is Carleton E. Stryker 
who has done much work on aeronauti- 
cal standards for the S. A. E. 

Specializing in automotive engine de- 
sign, he was graduated from the Univer- 
sity of Michigan with the degree of B.S. 
in M.E., and worked in Continental 
Motors' Laboratory in Detroit. Six 
months later, in January, 1917, he moved 
over to Curtiss Aeroplane St Motor Co. 
in Buffalo and became Assistant Speci- 
fication Engineer, a position he held 
until joining the U. S. N. Aviation Sec- 
tion in June, 1918. He aided in estab- 
lishing the Navy Aviation Mechanics 
School at Great Lakes Training Sta- 
tion near Chicago as an instructor. 
After leaving the service in 1919, he 
returned to the Pacific Coast and spent 
several years in electrical and mechani- 
cal engineering work. In 1927 he was 
partner in an aeronautical consulting 
office with W. J. Waterhouse, and later 
worked with Northrop division of Doug- 
las Aircraft, Vultec Airplane Co., and 
was chief engineer of the Curtiss- 
Wright Technical Institute. 

This year Mr. Stryker came to New 
York with the SAE as Technical Staff 
Representative in charge of aeronauti- 
cal activities, particularly aeronautical 
standardization, and worked in the 
Aeronautics Branch of the Dept, of 
Commerce in Washington for several 
months before his appointment to OPM. 


In taking up his duties as Chief, 
Airplane Delivery Program, Airplane 
Production Section, Kendal Perkins is 
on leave from American Airlines for a 
tentative period of six months, begin- 
ning February 1, 1941. 

Trained at Washington University, 
St. Louis, Mo., he graduated with the 
degree of B.S. in E.E. From June, 
1928, to June, 1930, he was with Cur- 
tiss Robertson Manufacturing Co., Rob- 
ertson, Mo., in the fuselage department 
as foreman. Later, in 1930, he became 
project engineer. Curtiss-Wright Corp., 
St. Louis Airplane Div., where he con- 
tinued until 1940 when he went over to 
American Airlines, New York City, as 
research engineer. 

Among the duties assigned to him 
will be the establishment of airplane 


In charge of the Propeller Division, 
R. E. Palmer came to OPM from Ly- 
coming Division, Aviation Mfg. Corp., 
where he was sales manager since 1938. 

A graduate with a B.S. in Aeronau- 
tical Engineering from the University 
of Michigan, Mr. Palmer first worked 
with Verville Aircraft Corp., Detroit, 
as structural and aerodynamic engineer. 
Later he became assistant chief engineer 
at Stinson Aircraft, Wayne, Mich. : 
structural and design engineer for Cur- 
tiss Aeroplane Division, and from 1933- 
1938, manager of the Curtiss Propeller 
Div. at Buffalo. 


Robert E. Lees. Chief of Aircraft 
Production Analysis Division, has been 
with the Defense Commission since 
June, 1940, coordinating data and pre- 
paring special reports and recommen- 
dations of policy. 

With fourteen years of continuous 
experience in aviation, Mr. Lees, prior 
to his present position, was Chief, Aero- 
nautical Section, and examiner, U. S. 
Maritime Commission; Assistant Chief, 
Airports and Airways Div., W. P. A., 
and Assistant Deputy Administrator, 
N. R. A., in charge of air transport, 
commercial aviation and other trans- 
portation codes. He was also with Pit- 
cairn and Kellett Autogiro Companies 
and Waco Aircraft Co. as sales man- 
ager. Earlier activities involved foreign 
and domestic market analysis, research 
and sales management of various auto- 
motive products. 


As Chief of Facilities, Aeronautical 
Section of the Office of Production 
Management, Harold R. Boyer will be 
Assistant to Arthur J. Brandt, with 
duties of examination and recommenda- 
tion of applications for Certificates of 
Necessity, Defense Plant contracts and 
Emergency Plant Facilities for aircraft 
plant expansions. 

A graduate of M.I.T. (B.S., 1922), 
Mr. Boyer was born in Springfield, O., 
in 1899.' From 1922-23 he was with the 
Maxwell Motor Co., Detroit, and in 
1923 he became construction engineer 
at the Fisher Body Corp. where he re- 
mained until 1925. He then took the 
position of works engineer with the 
Pontiac Motor Div. of General Motors 
in Pontiac, Mich., and from 1929 until 
taking up his duties at the OPM has 
been president and general manager of 
the Allen Corp., Detroit, makers of 
ventilating appliances. 



THE WAC 


Dmunmrs for mahfmrs" 


says Chief Pilot Alfred Luke of Lewis 
School of Aeronautics . . . 

Ill four months’ time. Lewis School of Acro- 
ss has trained 31 secondary students . . . 
a solid eontrihulion toward the purposes for 
which the CPTP was inaugurated. 

Chief Pilot Luke says there never were so 
many stiff necks from watching slow’ rolls, snap rolls and 
vertical reversements as there have been since the school 
got their Waco UPF7 trainers and John II. Wilson, superin- 
tendent of the school, adds, "Believe it or not, it took the 
photographer nearly a week of patient waiting to get both 
Wacos on the ground at one time for a picture.’’ 

For reliability and proved performance in the air, specify 
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CURTISS says: 


Micro Switches are approved for use 



MICRO GOO SWITCH 

Manufactured in FREEPORT, Illinois, by Micro Switch Corporation. Sales Offices: New York, Chicago, Boston 
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TIME CUT FROM 

20 minutes to less than 1 minute 

COST CUT FROM 


20c to 2.8c 


-It! 


<£ 225 * 


■!»' >l» '» 


Immediate Delivery 
Low in Cost 
Easy to Use 
Economical 
One-Minute Set-Up 


Accurately sizes and finishes internal cylindrical surfaces from 
.185" to 2.400" in diameter! Produces super-smooth surface 
finish. Accuracy within .0001" guaranteed. 

Does not require skilled, experienced operator — any 
intelligent workman with a few hours' practice can produce 
precision workmanship. 

Used in hundreds of plants — particularly by manufacturers 
engaged in the defense program. 

A Sales Engineer will be glad to call and demonstrate this 
machine in your plant. Write for FREE 8-page bulletin. 


SUNNEN PRODUCTS COMPANY 7942 Manchester Ave., St. Louis, Mo. • Chatham, Ontario 






One of the greatest expansion programs in history— three huge 
plants at Buffalo, Columbus and St. Louis, in addition to present 
facilities— will speed Curtiss- Wright production of many types of 
military and naval aircraft. 

In the Buffalo plant alone, Curtiss is already building 10 formid- 
able pursuits a day for the U. S. Army Air Corps and Great Britain, 
in addition to other types for the Army and Navy. The total floor 
area of the airplane divisions is being expanded from approxi- 
mately 1,000,000 sq. ft. to 4,700,000 sq. ft.— personnel from 
13,000 to 45,000— to give Curtiss-W right unequalled facilities for 
airplane defense production. 


COIUMBUS PLANT 






Why A Rear Engine Installation 

( Continued from fogr 37) 


to fire through tile propeller disc passed 
out of the picture and a new require- 
ment for more and bigger guns added 
to the confusion and complication in 
the nose of the airplane. Shell firing 
cannons of not less than 20 mm. bore 
and in some instances as large as 37 mm. 
bore were required as the maximum size 
armament on pursuit airplanes. The 
explosive ammunition fired from the 
cannon could not be used with a syn- 
chronizer to fire through the propeller 
so that two alternatives were possible: 

through the center of the propeller hub. 
the other to locate the cannons outside 
the propeller disc. The former arrange- 
ment could not be accomplished with 
any existing American made engine 
and the latter meant wing installations 
with all the problems of remote con- 
trols. complicated sighting systems and 
space limitation. The inclusion of the 
requirement for two or more additional 
machine guns in the nose in addition to 
the shell firing cannon, for which a 
synchronizer set-up could not he used, 
greatly increased the problem of installa- 
tion and accessibility of equipment in 
the already overfull nose of the air- 
planes and the additional weight of the 
added machine guns and shell firing 
cannon equipment still further compli- 
cated the balance picture. 

The final straw, so to speak, to which 
the badly overcrowded nose fell heir, 
was another new requirement — the tri- 
cycle landing gear. The tricycle gear 
chassis was also required to be re- 
tractable in flight because of the re- 
quirement for the maximum possible 
high speed. Considerable test and de- 
velopment had been done on small, light 
airplanes and the desirability of the tri- 
cycle type landing gear for all airplanes 
was fast becoming evident. One of 
the requirements of a satisfactory tri- 
cycle landing gear was that a fairly 
large fore and aft wheel base between 
the nose wheel and the rear main wheels 
to provide longitudinal stability when 
running on the ground. There was lit- 
tle chance in the stubby, already over- 
crowded nose of a conventional single 
engined tractor airplane to install a 
satisfactory retractable nose wheel. 

The ever increasing maximum speed 
requirements for military pursuit air- 
craft now demands speeds of 400 m.p.h.. 
or more, in level flight. A 400-mile- 
an-hour airplane not only requires that 
the drag of the airplane be reduced to 
an absolute minimum and that the horse- 
power of the engine installed be the 


maximum possible, hut brings in a third 
consideration which has long been an 
old headache of airplane propeller de- 
signers — critical speeds. At speeds above 
approximately 350 m.p.h. it has been 
iound by test that local velocities may 
be obtained in airflow around the ex- 
terior of the airplane which will ex- 



"Usuatly the first offenders in generating 
local critical velocities are wing fuselage 
interseclions and excrescenses and pro)ec- 




ceed the velocity of sound in air. When 
this occurs the increment of airplane 
drag caused by the generation of a 
shock wave or the occurrence of com- 
pressibility in the region in which the 
critical speed occurred is such that 
further increase in speed is almost im- 



provlde longitudinal stability when running 

possible by the addition of any reason- 
able amount of power. 

Critical speed is directly related to 
aerodynamic cleanliness and refers in 
general to the local velocity of air flow 
past any exposed part of the airplane. 


I: has long been known that when the 
relative speed of air past a solid body 
exceeds the velocity of sound in air, 
the normal laws of aerodynamics cease 
to function and a new phenoma occurs. 
The critical speed phenomenon is usu- 
ally discussed as compressibility and is 
a very complex and somewhat contro- 
versial topic. For now it must suffice 
to say that when the local velocity of 
air passing a solid area on the airplane 
exterior surface equals or exceeds the 
velocity of sound in air this condi- 
tion is described as a critical speed for 
this airflow condition. A succession of 
shock waves or compressions occur in 
the air stream at the point where the 
critical speed exists. This series of 
shock waves or compressions constitute 
a sound wave and as such are generally 
audible to the car for considerable dis- 
tance. These shock waves absorb a 
large amount of energy which is re- 
quired to he generated by the airflow 
and therefore adds to the aerodynamic 
drag in a large way. This phenomenon 
has, until recently, been associated al- 
most entirely with airplane propeller 
tip speeds as a limiting condition for 
satisfactory efficient operation of the 
propeller. An aerodynamic refinement 
of the detail design to eliminate the 
local critical speed condition is the only 
practical solution. The refinement of 
design to eliminate local critical speeds 
has so far been limited to improvement 
in the aerodynamic cleanliness and trick 
devices to clean up otherwise dirty air- 
planes have not furnished an answer. 
Usually the first offenders in generating 
local critical velocities are wing fuselage 
intersections, blunt nose radial engine 
cowlings and excrescenses and projec- 
tions such as gun blast tubes in the 
nose of the airplane. The critical speed 
condition as it exists for the wing- 
fuselage juncture can be controlled by 
the use of adequate fillets. But the oc- 
currence of critical speeds due to the 
shape and projections on the airplane 
fuselage nose can be eliminated only by 
refinement of the streamlined design. 

All this leads up to the fact that it 
has been experimentally determined that 
to travel at 400 m.p.h. or more an air- 
plane must have the entering or leading 
edge of all external components made 
with a suitably small nose radius and 
a divergence of the expanding surfaces 
behind the nose, such that critical speeds 
do not occur at the velocity of maximum 
speed level flight. In other words, the 
clean, bullet shaped fuselage nose which 
is optimum from a standpoint of aero- 
dynamic drag, for normal airflow con- 
ditions is also optimum for avoidance 
of critical speeds. 

( Pari II of lliis article, dealing with 
the Hell Airacobra extension drive shaft, 
will follow' in an early issue.) 
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ELECTRIC DRILL 

ONLY 31/2" WIDE 

. . . puts power to 
work in more places 


I}larrow as your fist for the tight places . . . but with full I" 
ejectric drill capacity, this new Snap-on power tool goes where 
other drills won’t go . . . replaces slow hand-drilling on dozens 
of operations . . . saves time, speeds production and maintenance. 
Built for toughest drilling with "power to burn” . . . this drill 
is also super smooth running and long-lived, with 100 % anti- 
friction bearings, double reduction helical gears and balanced 
rotors precision-machined and aligned. Equipment includes 3-jaw 
Jacobs chuck with key, detachable side handle, combination spade 
handle and breast plate, and 3-conductor cord with unbreakable 
connector. Morse Taper Sockets optional. For catalog showing 
dri)ls and 2200 Snap-on tools, see your Snap-on salesman, or 


<&> SNAP-ON TOOLS CORPORATION 

Dept. Av-3 Kenosha, Wisconsin 




2200 HAND AND POWER TOOLS — FROM MID6ET WRENCHES TO HEAVY DUTY UNITS 
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POWER SUPPLY INSTRUMENTS 

Ammeters • Voltmeters • Volt-Ammeters • Frequency 


ENGINE INSTRUMENTS 

Electrical Tachometers (both AC and DC types) • Syn- 
chroscopes • The following made in single and dual 
types • Carburetor Thermometers • Oil Thermometers 
• Cylinder Temperature Thermometers • Fuel Air Ratio 

FLIGHT INSTRUMENTS 

Cabin Thermometers • Outside Air Thermometers • 
Radio Compass Indicators • Blind Landing Indicators. 


WESTON ELECTRICAL INSTRUMENT CORP. 
616 Frelinghuysen Avenue, Newark, N. J 


Weston 


Aircraft Instruments 




Do You Want a Monopoly? 


An Article by Ernest Lindley, 
Well-known Washington 
Commentator, Recently Pub- 
lished in the Washington Post 
and Other Newspapers. 


A. HE HOUSE Appropriations Com- 
mittee has refused a second time to 
approve funds to subsidize a competing 
American transatlantic airline. 

Last fall it struck out the President’s 
request for money to start this service. 
Now it has struck $1,200,000 from the 
1942 budget. 

The result is to preserve the present 
monopolistic position of Pan-American 
Airways. This is in spite of the fact that 
every agency of the Government which 
is concerned with the promotion of avia- 
tion favors the establishment of a com- 
peting transatlantic service. 

The aspiring competitor at present is 
the American Export Airlines. After 
more than two months of hearings, the 
Civil Aeronautics Board approved the 
entry of this company into the trans- 
American service. In doing so it specifi- 
cally rejected the contention of Pan- 
American Airways that their monopoly 
over these routes was in the public 

The Bureau of Aeronautics approved 
the new proposed line as useful to na- 
tional defense. The State Department 
approved it as in the interest of the 
Government generally. The Postoffice 
approved it. And the President signed 
the necessary certificates and included 
in his budget the funds needed to start 
the service. 

But the House committee concerned 
with Postoffice appropriations cut out 
the item. The main reason given was 
economy. 

It is admitted on all sides that it would 
cost a little more at first to pay the mail 
subsidy for a new line than to expand 
Pan-American's service. The considered 
view of the Civil Aeronautics Board and 
other Government agencies was, how- 
ever, that the competition would later 
result in savings to the Government, as 
well as in ampler and better service for 
passengers, mail and express. 


The explanation formally given by the 
House committee for deleting the appro- 
priation is a labored apology. . . . 


The MAIN FACTS are simple. Ex- 
cepting lines to Canada, Pan-American 
has an American monopoly in foreign 
air service. It has done some pioneering. 
Its successes have brought it good will 
both from the public and the Govern- 
ment. It has worked closely with the 
Government, and has been, in fact, a 
sort of arm of our foreign policy. 

Within the United States, however, 
regulated competition has built up com- 
mercial airlines which are the best in 
the world. There is a decided belief in 
the Government that the development 
of airlines to foreign nations would be 
benefited by competition. The trans- 
atlantic routes are considered especially 
suitable for competition because of the 
heavy traffic, actual and potential, in 
passengers and mail. 

American Export Lines, a steamship 
company, began to get interested in 
transatlantic air service about four 
years ago. It set up an airline subsidiary 
and employed aviation experts who de- 
voted some six months to exploratory 
work. With the cooperation of the Navy, 
it obtained a Consolidated PBY flying 
boat and made six crossings of the Atlan- 
tic by various routes. Meanwhile the 
Germans started regular service, and the 
French crossed the ocean three times 
with an old ship. 

American Export Airlines became con- 
vinced that, on account of rough water, 
the Azores were not a suitable stopping 
point and that they should aim for a 
non-stop service from New York to 
Europe. They decided to use the Vought- 
Sikorsky four-engined flying boat, carry- 
ing 16 passengers and from 1800 to 
3500 pounds of mail, with a cruising 
range of more than 4000 miles. 


The ACTIVITY of American Export 
Airlines spurred on Pan-American, which 
came forward with proffers of prompt 
and adequate transatlantic service. The 
Pan-American uses Boeings, which are 
larger than the Sikorskys but do not 
have their range. Their service is sup- 


posed to be three times weekly, but 
actually it is not, due to weather con- 
ditions and also to water conditions at 
Horta, the Azores, where rough seas 
often have caused delays. Recently they 
have begun using a more southerly alter- 
native route via Portuguese Guinea and 
Trinidad — the route taken home by 
Wendell Willlde. 

American Export Airlines wants to 
begin flying the Atlantic immediately 
with its Consolidated flying boat. This 
would carry only mail and express. By 
October, its officials aver, they can start 
service with the four-engined Sikorsky, 
which will carry passengers in addition, 
and fly non-stop from New York or Ber- 
muda to Lisbon. They emphasize that 
Pan-American is cutting down passenger 
loads to make room for mail which could 
be carried in American Export Airlines’ 
present ship. 

The latter company has already put 
more than $3,000,000 into its project. 
On the strength of the certificates granted 
by the Civil Aeronautics Board they put 
in their orders some time ago for three 
of the four-engined planes. Neither this 
company, nor Pan-American, can oper- 
ate without mail contracts. Pan-Ameri- 
can contends it can expand its service for 
less than it would cost the Government 
to start its competitor into operation. 

On many of the points involved there 
is, of course, controversy. But during 
the last two years all of them have been 
extensively explored by the agencies of 
the Government charged with such re- 
sponsibility. They have recommended 
the competition also as a matter of ma- 
jor policy, in the interest of the United 

Then a House subcommittee, after a 
few hours of hearings, decides otherwise. 
Pleas for economy have been used to 
explain many strange actions in Con- 
gress, but it is doubtful whether they 


T his article, written by an im- 
partial W ashinglon observer, 
is published as an advertise- 
ment because we think it is a 
fair summary of a matter of 
great public interest. 


American Export Airlines, Inc. 

25 Broadway, New York City 
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more than a match 
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bmiled it out al Brighton Beach, N.Y. 


Even then, the first N.A.C.A. report, to set standards for an infant 
industry, carried data on Aviation Wires and Cables supplied by 
Roebling. 

And today, Roebling control cords and other aircraft accessories — 
as the result of a continuous Research Program — are still more than 
a match for the severe specifications of the Aviation Industry. 

ROEBLING 



KEEPS PACE WITH AN INDUSTRY WHOSE WATCHWORD IS PROGRESS 


JOHN A. ROEBLING'S SONS COMPANY 


Trenton, New Jersey 


Branches in Principal Cities 



Many of the armored bugs such as 
the Hercules Beetle shown here 
have solved a problem that at pres- 
ent is engaging the attentions of 
some of the world’s leading avia- 
tion engineers. That is the protec- 
tion of the vital parts of aircraft 
with armor plate without sacrificing 
too much flying ability. 

There are two approaches to the 
problem. One is essentially in the 
province of the metallurgist — the 
development of lighter, stronger 
armor steels. The other falls to the 
aviation engineer — the designing of 
planes to carry successfully the extra 
weight armor necessarily imposes. 
Since more weight automatically 
calls for more posver, Ethyl engi- 


neers, by working closely with avi- 
ation engineersin a program of prac- 
tical research, are privileged to con- 
tribute toward our national defense. 

Every pound, every ounce shaved 
from the weight of future engines 
can be put into life-saving armor. At 
the same time, the data gained from 
this cooperative research are largely 
fundamental in nature. While cer- 
tain immediate applications may 
be of military nature, the greatest 
ultimate value will be to commer- 
cial aviation. The information that 
is being developed will be of inesti- 
mable value to the aviation tech- 
nologists who seek to safeguard 
American air supremacy— whether 
military or commercial. 


F-THYL GASOLINE CORPORATION. 


fluids 










Here's Where You Can Get Efficient 
AIRCRAFT SUB-CONTRACT WORK 

Our modern shop is equipped to fill orders for and handle 
sub-contracts on these products— 


Aluminum Alloy Sand Castings for 
Aircraft Use — Raw or Machined. 

Hand Screw Machine and Tur- 
ret Lathe Parts in Aluminum, 

Brass and Steel Alloys. 


Small Radio Electrical Wiring As- 
semblies for Aircraft. 


ELECTRONICS 


Variable Inductances 
Neutralizing Condensers 
[ Variable Condensers 

QUOTATIONS WILL 


SIEBENT HALER DIVISION 


RIRRCO 




410 WEST 6TH STREET KANSAS CITY, MO. 
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We looked 
to the future 
“yesterday” 

No emergency was needed to bring 
out the best in Bendix-Scintilla. The 
complete tmst that American Aviation 
has placed in Bendix-Scintilla Magne- 
tos and Spark Plugs has always inspired 
every Bendix-Scintilla worker to de- 
liver no less than the best. 

We looked to the future "yesterday" 
which accounts for our preparedness 
today. And you have our word that we 
shall continue to devote every possible 
moment of our time and every ounce 
of our skill to maintaining that "only 
the best" standard. 

SCINTILLA MAGNETO DIVISION 



ECLIPSE 

QUALITY NON-FERROUS 
SAND CASTINGS 


Manufacturers, for more than ten years, of 
high tensile Aluminum, Dowmetal (Magne- 
sium alloy) Brass and Bronze Sand Castings 
including heat treated, corrosion resistant, 
special alloys to U. S. Army, Navy and cus- 
tomer's specifications. 

A new and modern foundry, complete 
with metallurgical department and pattern 
shop, employing men skilled in the art of 
layout, inspection and finish treatments, en- 
able Eclipse Aviation to provide quality 
castings to the most exacting requirements. 





MICROMETERS FOR 


AIRCRAFT WORK 


HARRISBURG 
STEEL CORPORATION 


Maximum Strength, Low Machining Costs, 
Welding Adaptability . . . all of these 
advantages in Harrisburg Drop Forgings 
for the Aviation Industry 


Whatever the size, shape, purpose or price, you'll find 
the right Micrometer for every need in the complete 
Starrett line. Over 300 different models available 
through your regular tool dealer. 


Because of greater strength in lighter sectional 
thicknesses, it is possible to achieve much desired re- 
duction in dead weight. Harrisburg forgings have 
great tensile and torsional strength. Harrisburg forg- 
ings are formed to close tolerances in dies that are 
uniform in size and shape, thus reducing machining 
costs where necessary, and they have unusual free- 
dom from concealed defects. Harrisburg makes its 
own special steels for drop forgings and controls their 
production from steel to finished product. 


Starrett Micrometer 
No. 222 with 6-inch 
deep U-cut frame is 

ful models illustrated 
in Starrett Catalog 
No. 26V. Write for a 
copy. 


THE L. S. STARRETT CO. 

World's Greatest Toolmakers 











Have You 

a Machining Problem? 



THE 

Govro- nelson 

COMPANY 


1931 Antoinette Detroit, Mich. 


AVIATION 

R E LAYS 

by AUTOMATIC ELECTRIC 




Out of the hardships of peace-time pioneering 
came Solar exhaust manifolds to transplant 
their reliability in American - made commercial 
ESTABLISHED 1927 airliners to the fighting air forces of the U. S. A. 


G&wipOAAJfy 

LINDBERGH FIELD • SAN DIEGO, CALIFORNIA ^ 



Nearly 4000 TYPES oi \ 
CASTERS a WHEELS | 



DARNELL 














WELDWAVP 

PLASTIC RESIN 
WATERPROOF 



NEW WESTERN ELECTRIC 
33A Communications Receiver 

14 OUTSTANDING FEATURES 


Wide frequency coverage: 250-625 KCj 3900 
—7500 KC; 6750—12,200 KC 
Continuous tuning 



Plug in cables 

For full details, tcrite Western Electric Co., 
Dept. 9630 A, Kearny, N. J. 


Western Electric 

AVIATION RADIO TELEPHONE 



Where To Buy 


NEW EQUIPMENT — ACCESSORIES — MATERIALS — SUPPLIES 



MANUFACTURE OF AIRCRAFT 

HIGH TENSILE 
RUBBER 

BLACK MOLDED 

SHEETS OR FORMS 


PATTERSON-BALLAGH 


> >TITANINE> 

TITANINE INC. UNION, N. J. 



SODER • • • 

ALUMINUM OR 
STAINLESS STEEL 

:: 5 

“Hpr, 

INC. ^Chicago. linnol * 


Just Out! 


WEATHER ANALYSIS 
AND FORECASTING 

By Sverre Petterssen 



See it 10 days FREE— 











CLASSIFIED ADVERTISING 


Aviations 

Market Place 

CLASSIFIED " w ADVERTISING 

USED PLANES, ENGINES AND PARTS FOR SALE, TRADE OR WANTED 



MB 


" AVIATION S MARKET PLACE 



Contact! 


A word that still means a lot to men who fly! 

Especially men who own their own planes or are in the market to 
buy, sell or trade used planes, engines or parts. 

To these men "Contact” means locating the buyer or seller who 
wants what they have or has what they want and — 

That is the "Contact” you can make among over 100,000* readers 
through advertising in 


Aviations “Market place” 





AVIATIONS MARKET PLACE 


INSTRUMENTS*?® 

NEW — USED — ALL TYPES — SALES — EE PAIR — INSTALLATION — COMPLETE STOCK yfglj 

STA.MIAIIU AIRCRAFT EQUIPMENT COMPANY 

Ro oiev.lt Fie ld. M n.ol. LINY S. d.n C'VfJI 



NEW AERONAUTICAL BOOKS 

CO UMERCMkL^ PR^VATE^ILOTSl^Nej 


Aviation Schools 

Aeronautical Engineering — Ground — Mechanics 
Flying — Instrument 

( Continued on page 166) 






-t-. AVIATION 

NEEDS TRAINED 

MECHANICS 


--FRANK AMBROSE 1 

AVIATION INSTITUTE I 

OP TUMHOlOCr I 


Copy 

for 

SCHOOL 

Advertisements 

received by March 14th 
will appear in the April 
issue, subject to limita- 
tions of space. 


AVIATION S MARKET PLACE 


RECONDITIONED TURN 
AND BANK INDICATOR 


I With a SNYDER 6 months' Guarantee) 


Stecclj Aircraft 
tnc. 

STINSON 

DISTRIBUTORS 



Late type indicator with black onyx ball, triangular calibration marks and 
new luminous painting on dial and pointer. Complete with self- 
locking instrument mounting nuts for easy installation and removal from 
instrument panel. Indicator, venturi tube, line, fittings STA (Ifl 
and self-locking n---*-- •IH-W 


citing mounting nuts complete for only . s 7 0 .c 

BUY NOW . . . WHILE SUPPLY IS AVAILABLE 


accurate. Great aid to flying. Comes complete with line and venturi, 
ready for installation. Detailed instruction sheet for proper installation 
included. Buy now, while available as demand for these reconditioned 

Snyder Aircraft has a complete line of guaranteed new and recondi- 
tioned instruments for all types of planes . . . compasses, gauges, alti- 
meters, air speed indicators, rate of climb indicators and tachometers. 
Snyder instrument service includes panel design, instrument repair, cali- 
bration and installation . . . also approved engine, magnetoes, earbu- 


• Approved Repair Station No. 294 


SNYDER 

Municipal Airport 


Aviation Supplies • 


AIRCRAFT 

C hicago, Illinois 





AVIATIONS MARKET PLACE 



AVIATION 




S UPERIOR LUSCOMBE training quali- 
fies you for a permanent well-paid 
position in America's fastest growing 
industry. Your practical Luscombe train- 
ing under experienced instructors using 
modern equipment puts you in demand 
\ wherever airplanes are built, serviced or 
' repaired. 


ENROLL NOW, get 


i profitable 


2 MONTHS 

WELDING 

COURSE 

3 MONTHS 

SHEET METAL 
COURSE 

8 MONTHS 

AIRPLANE "MECHANIC'S 
COURSE 

8 MONTHS 

ENGINE MECHANIC'S 
COURSE 

1 JEAR o 

MASTER MECHANIC'S 
COURSE 

im ml 


SUN 

SCHOOL OF AERONAUTICS 

191 W. ROOSEVELT BLVD. PH1LA. 


DRAFTSMEN 

NEEDED NOW! 

School of Aeronautics 

For Additional Advertising of 

Schools and 
Flying Instruction 


Consult the Classified 
Advertising Index on 
Page 168. 


Aviation Schools 

Aeronautical Engineering — Ground — Mechanics 

Flying — Instrument 

( Continued from page 164) 



The TANNEWITZ DI-SAW 

SAVES Many Precious Hours 
on Tool and Die Jobs 


Inside and outside cuts on dies, shoes, templets 
and endless other jobs, as well as filing and polish- 
ing can be done with this machine in a small frac- 
tion of the time required by former methods (see 
production chart below). Conservatively esti- 
mated this machine will save $4.80 every hour 
it is in use, besides greatly expediting production. 
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B*A*30 

B * A ★ 30 airplane wing cloth, 
famous for its uniformity, is lighter, 
stronger and more closely woven 


STEELS 

IN STOCK 

FOR IMMEDIATE SHIPMENT 


STRIP • SPRING STEELS 

■fill Sijel . . . -@LL -@no.Ltj lei 



SUMS 


AlfeMAZI 


AIRCRAFT AIR FILTERS 



STANDARDS in AVIATION are HIGH 

TRAIN at STEWART TECH _ 



aSwggSS- 

School of Aeronautics 

STEWART TECHNICAL SCHOOL 1 


h 
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If there is anytlnng you want— 

or something you don't want that other readers 
of this paper can supply — or use — advertise it in 

Aviation’s Market Place 

AVIATION "CLASSIFIED" 

aviation GENERATORS J lit ,1 ■ H ■ i 1 U 

Kill I H 

an^ 

parts are fabricated to meet 

the exacting requirements of in- V 

Send prints and complete sped- H P53 ~t) 
fications with your inquiry for 

When you want JVTcn 

If you want competent and efficient executives 
or assistants, experienced in the field served by 
this journal, you will naturally find the keenest 

among 1 the ’readm of this paper. You can 
get their attention through a Position Vacant 
advertisement in the next issue, or possibly 
find the man you want now among the Position 
Wanted advertisers in this issue. See the 
Employment columns of 

AVIATION’S MARKET PLACE 
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purOlator 

Oil Filters 


k zep «om» 

"Sfegr 

throughout the 
aviation 
industry! 


... tUF 










lied to YOU! AIRPORT'S APRON-STRINGS? 



Grounded again! It’s overcast at the airport, but clear where 
you want to go. You’re missing most of the fun of flying unless 
you can roam wherever you want ami whenever you want to. Cut 
your airport’s apron-strings with Kollsman Precision Aircraft 
Instruments. 


That was easy! Couldn’t see a landmark when you left. But 
your Kollsman Direction Indicator works wonders the way it 
helps keep you safely on your course. Kollsman Instruments give 
you a Sixth Sense of accurate flight that enables you to travel at 
will with complete confidence. 


Over the hills and far away! There’s a great big 
sunny land waiting for you to explore beyond the horizon. 
Don’t he tied to your airport's apron-strings. Let Kollsman 
Precision Aircraft Instruments show you the whole wide 
world of adventure that you’re missing. 



DEEP DRAWS 
IN A SINGLE 
OPERATION 

' Y ". fc c “». S.. Louis. Chico,, o-.o 



through metallurgy, as well as 
by men and machines 


★ Ruggedly constructed both mechanically and electrically 
Eclipse Aircraft Accessory Units are designed for minimum weight 
and compactness to withstand the conditions of shock loading and 
vibration encountered in aircraft installations. The rigidity of ma- 
terial specifications combined with the finest of modern inspection 


Typical 1500 Watt Engine Driven 
Single Voltage Generator 


Eclipse Aircraft Accessory Equipment : 
Engine Starters, Solenoid Switches, Booster Coils, 
Control Switches, Generators and Control Boxes, 
Radio Dynamotors, Supercharger Regulators, 
Electric Retracting Motors, Propeller Anti-Icer 
Pumps, Mechanical De-Icer Equipment, Air Pumps, 
Air Valves, Oil Separators, Hydraulic Pumps, 
Ammunition Rounds Counters and Contactors, 
Synchroscope, Fuel Flowmeters, Seamless Flexi- 
ble Metal Hose, Ordnance Equipment, Magne- 
sium, Aluminum and Non-Ferrous Sand Castings. 


equipment under the constant supervision and scientific control 
of an experienced Metallurgical Department assure the highest 
quality and uniformity of material and safeguard the traditional 
reliability and performance of Eclipse Equipment. 

ECLIPSE AVIATION 

DIVISION OF BENDIX AVIATION CORPORATION 

BENDIX, NEW JERSEY, U. S.A. 




